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A BTUDY OF SOME GENETICALLY DETERMINED PEATURES IN
SWEDISH, SPANISH AXD NORTH ERGLISH POPULATIONS.

Juan J. Perndndes ABSTRACT

A survey has been conducted with the assistance of the
reflectophotometric technigues within the populations of
three different countriee - Sweden, Spain and England -
ip order to study the pigmentary differences between and
within them, and to what extent ‘they obey to envirommental
instead of genetic divereify.

In order to illustrate the differences between accu-
rately determining the colour of a skin agd looking at
its adaptive role, a detailed expoeition of the physics of

colour has been undertaken in the introductory chapter.

In recognition of the the effects of human behaviour
and the physical milieu in moulding the phenotypical
manifestations of the genetﬁcal structure of a popula-
tion, extensive information was gathered about the ethnic
origins of people and abput their leisure and working
habits. That information - together with other about non-
cutaneous pigmerntetion, stature, blood groups and their
reflectance readings - was codified and transformed into
variebles, in order to study their associations (if eny)
with each other

_ That task has been undertaken in chapters III to VII,
where the combined effect of the behavioural variables was
4n certain cases found capable of explaining as much as
%5 4 of the internal variability. Some significant differ-
ences were also found to perallel climatic factors such as
insolation and precipitation. In chapter VII a number of
significﬁnt espociations were found between pigmentation,
blood groups and stature - and were attempted to be put
in relation with certain racial strains.

Chapter VIII constitutes an enquiry into the subject of
mating preferences and its potential effect on the genetic
gtructure of the populations uvnder study. The author’s
gsamples have,. ir the lest ekapter, been compared to other
Csucasoid populatiors, arriving to the conclusion thet &

non-negligible part of the differences is probably due to

plein instrumental error.
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Ceneral remarks.

In order to avoid unnecessary worrying about the
‘correct transcription of toponimic designations into
English and, above all, to bypeass the usual clumsiness
of transcriptions into foreign languages, names of
places will be used in their original form in this work.
-Anvexception will be made in the case of the names of
countries, Some of these forms can, however, result un-
familiar to the English reader, for which reason these
presenting the maximal difficulties will be listed belouw
in their verhacular and English versions., Ffigure VII.1-
2 (page 286) shows Hoyos’ division of Spain in anthropo-
demographic regions (1952), and maps of the three lands

subdivided by provinces are included in page 252,

Sweden

Norrland (lit., "Northern Land"): includes all
provinces north of Dalarna and Uppland.

Skane (=Scania): the southernmost province of
Sweden.

Dalarna (=Dalecarlia): the northernmost
province of central Sweden.

Gétaland (ancient Gothia of Jordanes; the home-
land of the Gauts or Goths - later Gbtar).
Includes all provinces south of Dalsland,
Vistergdtland and Ostergdtland (incl).

Svealand (the Swiorice of the Beowulf sage;
ancient homeland of the Suehans of Jordanes
or the Suiones of Tacitus - later Svear).
Includes all provinces between Norrland and
Cétaland.

Spain

Castilla la Nueva (lit., New Castile): includes
Madrid, Toledo, Ciudad Real, Cuenca and Gua-
dala jara.

Casfilla la Vieja (lit., Old Castile): includes
administratively Santander, Burgos, Logrono,
Soria, Segovia and Avila - but geographically
and anthropologically, Santander belongs to
the northern seaboard.

Cantabria: Santander and Asturia, mainly. In Ho-
yos’ division {1952) it extendé as well along
the eastern highlands of Galicia.

The Basque Country: here meant toc comprise Vas-
congadas (Vizcaya, Guip(zcoa and Alava) and
Navarra, .

Vasconia: according to Hoyos, the anthropological
heart of the Basque country. It includes Gui-
plzcoa, Vizcaya, the northern part of Alava and
the highlands of Navarra. However, unless other-
wise is specified, both terms will be used as
interchangeable.

La Mancha: -the land of Don Quijote. It comprises
the lowlands in the southeastern corner of
New Castile and part of Albacete,




La Rioja: another natural region, centered around
the city of Logrono in the provznce oF the
same name,

Levante: part of the eastern seaboerd. It corres-
ponds to the provinces of Castelldn, Vazlencie,
Alicante and Murcia.

Castilla (Castile): both Castiles together.

An important distinction must be made between three
different acceptations of the term 'Cantabrian', The
- Cantabrian coast is the seaboard facing the Cantabrian
Sea - the whole northern coast. The aforementioned an-
thropo-demographic region, Cantabria, without adminis-
trative counterpart, is best illustrated in figure VII
«1=2. By the.name of Cantabri (Cantabrians), the most
powerful among the ancient inhabitants of the province
of Santander were known to the Romans.

The term Cromagn01d will come across in a couple of
chapters., Slnce 1£ has been used in somewhat leFerent

ways by a number oF 1nvestlgators, a clarlfylng remark

~ has been con91dered necessary. The word is usee_here to
- designate -all those Upper Palaeclithic forms in most
characters ressembling the so-called "01d Man of Cro-
Magnontclearly more than any other form. As most ‘common
traits may be named the possession of big and robust
crania displaying cranio-facial disharmony (short and
 broad faces allied to long, narrow skulls) and facial
disharmony (short, upper face combined with long sub-
‘nasal face), together with vertical, non-curved fore-
heads and well marked browridges; the nasal bones are
prominent and the nasal opening is normally of medium
sizey lou and broad, rectangular orbits; rather flat
skull vaults, flaring zygomata and broad, squarish
jaws, with absolutely great bjizygomatic and bigonic
diameters; massive skeletons, with broad shoulders and
powerful muscular impressions - oFtee allied to tall

" stature., This description excludes the Combe-Capelle
and 'Megroid' Grimaldi forms and some of the central

Zuropean Upper Palaeolithic finds.




Tables designated in the text by a capital letter
and a number are to be found in the appendix headed by
the corresponding letter; the rest are incorporated
within the text (at the end of a section when they are
too mar\y).

For the sake of simplicity, the violet-blue region
‘ (up to approximately 500 nm), the green-yellow region
(500 to 590 nm) and the orange-red region (590 nm and
beyond) will bé referred to in the text as the blue,

green and red regions respectively.




CHAPTER I




I.1.

The Physics and measurement of colour,

Visible light (VL) constitutes only a minute
portion of the electromagnetic spectrum capable of
impressing the part of the nervous system which is

-

linked to vision and which, for the average human

~eye, extends between vavelengths of roughly 380 and

770 nm. Although we do need not here be concerned

with the rest of the spectrum, the whole of it has

been reproduced in figure I.1-1 for purposes of

comparison,

Physically, light is nothing more than magnetic
and electric effects travelling in a common direc-
tion. Energy is stored in its magnetic and electric
fields., Before proceeding any further, three impor-

tant facts, of relevance for purposes of colorimetry,

" must be introduced whilst the pertinent physical

notions will be indicated in more detail elsewhere,

1) Since energy is assogiated with each wave, the
relative amounts of it attached to the wavelengths
in a ray of light define the spectral structure
of this light, its energy distribution which is a
function of the wavelength A, P =f(a),

2) Not all wavelengths are equally efficient in pro-
ducing light., Figure 1I.1-2 shows in the function
of wavelehgth (abscissas) the luminous flux (or-
dinates) produced by one watt of monochromatic
radiation, This curve, usually presented in per-
centual form, V,, defines the relative contribu-
tions which each wavelength makes in an equal-
energy spectrum to the total light flux.

3) The structure of a light beam can then be defined
by giving any of two spectra: either the radiant

" energy distribution, honochromatic radiant flux,
or its luminous distribution, monochromatic lumi-
nous flux. The second curve is simply the product
of the radiant flux curve by k_.V, -uwhere k_ re-

‘stores to V, its absolute dimension, since it
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ponds to cone vision, as measured at high intensities at the
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(1)

(2)

corresponds to the luminous efficiency of the
monochromatic radiation for which V, is at a
maximum (which occurs at A =0.,555 p, the wave-
length at which cones -in the fovea- have their
maximum sensitivity).

The light which reaches a body is white during

(1)

position of all wavelengths of visible light coming

daytime and it is ideally a well balanced com-

from the suh, a so-called equal energy stimulus.

When that light impinges on a body s surface every

individual wavelength is reflected or transmitted
according to some distinctive reflection or trans-
mission factor which is not constant all throughout
the spectrum, but which depends on the magnitude

of A. The result of this selective peflection/trans-
mission is loss of balance, the light leaving the
surface (2) is no longer white. Its colour is the
result of the integration into a whole of all wave-
lengfhs of VL departing the surface, In other words,
a body absorbs most of those wavelengths which are
the least represented in its colour. What we see then
is the complement of what has been absorbed,

Once established that each colour can be repre-

"sented by a particular energy distribution curve,

the idea comes naturally that it should be possible
to decompose all existing colours into the same set

of standard stimuli (primaries), in such a way that

In practice, however, sxperiments on colour mix-
ture reveal that the sensation of whiteness is
neither exclusively nor normally associated with

. such a unique combination, as examination of the

enerqy distributions of three typical sources of
white light can attest (fig. I.1-3). -

Not all light reflected by a body actually comes
from its surface., A small part of the light refrac-
ted into it can, due .to further refraction inside,
be redirected backward and ultimately escape through
broadly the same area as it just travelled across.



any colour 'C' could be deFined’by reference to the
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Pig. I.1-3. Relative spectral irradiances from standard sources
4, B, and C. Source A is typical of the gas-filled incandescent
lampj source B, of noon sunlight: and source C, of average day
light, (After Judd and Wysceszki, 1952).

quantities, qi(k), of each primary, Fi(x), required
to match light (C) by adding together the standard
stimuli (fige. I.1-4). Where, by using the notation
qi(A) and'Fi(k), it is meant that the energy distri-
bution curve for each primary, i, and the 'amount of
stimulus' required vary - we presume so far - with
both component and wavelength. ’

Although the number of primaries should have to
be infinite, if they were to be combined additively,
three conveniently chosen stimuli can - as it will
be seen -in time - reproduce most real colours, for
convenience the standard stimuli are so elected that
their luminous fluxes together add up to that of an
equal-energy spectrum, and from there it is a matter
of simple proportionality to prove that qi(x):D « In
practice the energy distributions of the three stimuli

are so chosen that the chromatic sensations they




convey are red, green and blue respectlvely. The
quality of their colours is represented as 'R',
'‘G' and 'B'.
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Pig. 1.1-4. Grephicel illustration of the derivation of the
tristimulus specificacions of a coloured surface.

(e). The energy distribution of the illuminant.
(v). The product of (a) with the distribution curves of fig.
1,2-13,
Ec;. The spectral reflection curve of the surface,
da). The product of (b) and (c¢), from which the areas under
the three curves will give the tristimulus velues - X,
Y snd Z - of the surface, (After Wright, 1964).

Of paramount importance in the physics of colour
is tﬁe concept of radiant flux. This is defined as
the amount of energy (in watts) radiated or received
by a surface in a unit of time (in seconds). Here,
the radiant flux of any of the aforementioned sti-
muli, (C ), between wavelengths X and A+ AXis the

total anount of energy contributed by 1t, i.e.
ARF, = qi(x).fi(x).w\: D}.Fi(,\).Ax (1.1-1)
and. along the whole spectrum of visible light (VL),

RF, =zD>.fi(>).Ax (1.1-2)
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Since the luminous yield (efficiency) of a light
stimulus is not independent of wavelength, in order
to obtain the corresponding expression for the lumi-
nous flux, the radiant flux equation must be weighted

by the aforementioned factor km’Ux' The formula

The products p).fi(x) and Dk.Fi(x).kva, for each
of the components and the wavelength >, are known as
Pix‘and Fix respectively, radiant and luminous flux
per unit of wavelength (measured in watts and lumens
per nm respectively), also referred to as mono-
chromatic radiant and light fluxes.,.
It is practical to define a new system of units
(the chromatic system) by limiting the number of
- primaries to three and referring the light flux of
“each of the components (LFR, LF or LFB) to that of
the corresponding primary (LFRO* LFGD or LFBO), in a
match where the total amount of light 'C' is made

equal to one of the new units. Thus,

LF LF LF
Corer o= =R gy 2Bl g o 2Bl (141-4)
LFRD LFGD LFBO

When colour 'C' is referred to the luminous
fluxes of three other lights 'R', 'G' and 'B’',
I.1-4 is more commonly expressed as

C 'C'* =R 'R' + G 'G'" + B 'B' (1.1-5) °
where 'R', 'G', 'B' and 'C' have no numeral signifi-
cance but represent only the quality of the lights,
whilst C has the same function as R, G and B. The
sign = indicates that the colour-matching equation
above is not an algebraic equation, and it should be
read that the mixture R, G and B units of stimuli
(R), (G) and (B) 'corresponds to' or 'is matched by'
C units of stimulus 'C'. The guantities of these
three reference stimuli may be expressed in physical

units of power or energy, in formal psychophysical



units of lQminous flux or luminance or -more often,
as here- for practical reasons, in more arbitrary
units =such as the so-called T-units or the amounts
directly read in the scale of the instrument (Wright,
1964). 1.1-5a becomes a true algebraic equation by
writing

'C =R +G+ 8 (I.1-5b)

Dividing this equation both sides of I.1-5a, a
so-called unit-trichromatic equation is obtained,
where the amount of 'C' is measured as one trichro-

matic unit (or T-unit, for brevity).

“'C'=r 'R' + g 'G' + b 'B' (I.1-62)
1 =r +qg+ b (I.1-6b)
and
r = R/(R+G+B)
g = G/(R+G+B) (I.1=7)

b = 8/(R+G+B)

If the quantities R, G and B are represented as
vectors R, G and B, arbitrarily orientated, a neuw,
interesting, dimension is added. If a triangle (fig.
1.1-5, a and b) is drawn between points R, G and B,
so that the distances 0OR, 0OG and 0B fulfil the rela-
tionship OR = 0G = 0B = 1, point C, at the intersec-
tion of vector V with the plane of the triangle (unit
plane), will represent the position of colour 'C'
with respect to the others - 'R', 'G' and 'B’'. If
the orientations of the reference vectors are kept
constant, the position of any colour 'C' on the plane
depends solely on the numerical values of R, G and B.
It can be shown that if the triangle is equilateral
(fig. I.1-5c), the perpendicular segments intercepted
between C and each of the sides are proportional to
r, g and b, the chromaticity coordinates, and they
add up to a magnitud equal to the height of the tri-
angle, h. If distances are measured in units such

that h=1, the segments will exactly equal r, g and b.

11
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Pig. 1.1-5a. Unit plane and vectors.

Pig. J1.1-5b. Unit plane and peutral
colour K,

Pig. 1.1-5¢c. 130
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Pig. 1.1-5, The unit plane and the chromaticity chart. (b and
e, after Judd and Wysceeki, 1352; 4, after Wright, 1964).
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These can, thus, be regarded as some sort of coordi-
nates, chromaticity coordinates, by means of uwhich
the position of a colour can graphically be defined,
In practice it is more convenient to represent r and
g, for instance, in a right-angle triangle (cartes-
ian system), where the perpendicular segments, hou-
ever, no longer add up to one. Since r+g+b still
will equal one unit, the point will be sufficiently
determined with two coordinates.

Since the unit lengths of the three axes, which
correspond to the unit amounts of the three prima-
ries, may be chosen in an arbitrary way, a useful
. choice is such that equal amounts of 'R', 'G' and 'B'
result in a neutral (achromatic) colour =-one in
" which neither green nor red, nor blue predominates,
'N'e This corresponds to our idea of what a perfect
white should be, and its chromaticity coordinates
(r,g9,b) are (0.333,0,333,0.333) or more exactly
(1/3,1/3,1/3)s

Thus, all colours can be represented on the unit
plane, within the frame of a right-angle triangle,

In figure I.1-5d all saturated (monochromatic) col-
ours have been plotted in a chromaticity diagram in
which the primaries are unreal or imaginary, more of
which will be seen below. The result is the spectrum
locus. A number of features are to be noted: 1) wave-
lengths between 700 and 770 nm are represented by a
single point and this part of the spectrum is referred
to as a "long-wave and stretch", 2) there is no such
exact constancy of chromaticity near the short wave
extreme of the spectrum (430 to 380 nm), but there is
a certain approach to it, 3) between about 540 and
770 nm the spectrum comes close to a straight line,
4) between 380 and 540 nm, the remainder of the spec-
trum is significantly curved.

It is easy to prove (fig. I.1-5e) that if C, and

C., are the chromaticity points of two colours mixed

2
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in the proportions 4 units of 'C1' to o units of
'C2', the chromaticity point of the resulting colour
'C' will be situated on the line C1C2 at a position
such that C1C/C2C=02/c1 . That being so, it follouws
that 'C' may also be matched adding to the neutral
'N' the spectrum colour 'D'. 'D'’s wavelength, g
is called the dominant wavelength of colour 'C',
corresponding to the point where the straight line
CN intersects the spectrum locus. It represents the
monochromatic light which must be added to the neu-
tral 'N' in such a way that the combined action (ad-
dition) of their luminous fluxes equals 'C'’s lumi-
nous flux (1). See fig. I.1-5e. )

A1l colours represented by points along the seg-
ment ND have the sameAdominant wavelength Ay but
the ratio NC/ND accurately determines the position
of colour 'C' in t.e diagram. This ratio denotes
the proportion of spectral colour of wavelength Ad’
NC units, which should be added to the neutral white
'N' in order to produce a mixture, ND units, which
matches ¢olour 'C' and is known as purity ! . De-
pending on the position of C along the line ND, its
value varies between zero per cent (all neutral
white, no independent component D' at all) and
hundred per cent (only spectral component 'D'). The
colours situatéd along the spectrum locus are called
monochromatic or saturated by opposition to these

inside -between the spectrum curve and the line

Colours represented by points within the triangle
NKL (figure I.1-5d) are called purple and have no
dominant wavelength. Instead their complementary
wavelengths are given, Ao, by prolonging the line
PN (P is one of the purple colours) until it inter-
sects the spectrum locus. No purple colour can be
obtained by a mixture of white and a saturated col-
our, for which reason all of them are called non=-
spectral colours.

The purity of colour 'P' is defined as NP/NE,
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joihing its extremes- which are called non-saturated.
All, saturated and non-saturated, fill the area of
the real colours, Outside is the field of imaginary
(unreal) colours.

We have then arrived -from an original specifica-
tion of three values: R, G and B- at two different
modes of expression. The tri-chromatic mode specifies
the colour quality of a stimulus by means of a "unit
equation" (r + g + b = 1), from which the colour may
be represented on a chromaticity diagram as a point
(r,g). As soon as point (r,g) is plotted we are pro-
vided with the means for expressing that colour in
terms of its dominant wavelength and purity, which
constitute the foundation of the 'monochromatic-
plus—whitef mode. It is generally claimed that the
main advantage of the dominant wavelength/purity
specification, when contrasted with the coordinates
(r,g), is its closer association with the subjectiv-
ely perceived attributes of colour. A colour is not,
however, completely specified by any of these tuwo
modes, as presented so far. In the case of the light
reflected by a surface, for instance, the reflection
factor can be halved or doubled throughout the spec-
trum, or the wattage of .the lamp emitting the light
to be matched can be diminished or increased, and in
every case - although dominant wavelength and purity
values would remain constant (i.e., hue and satura-
tion) - the appearance of the colour would be dif-
ferent, its luminosity would be smaller or greater
(dimmer or brighter). In order to complete the speci-
fication, a new concept has to be introduced: lumi-
nance, the intensity of Llight transmitted per unit
area of surface, a physical notion directly depen-
dent on that of luminous flux, For practical reasons
a full introduction will be postponed until later.

Dominant wavelength, purity and luminance --the

. three characteristics of light in terms of which
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colour may be specified - correspond in a general way
to three attributes of colour sensation: hue (red,
green, etc.), saturation (vivid, weak, stroﬁg, etc,)
and brightness (bright, dim, etc.). The scheme in
figqure I.1-6 conveniently illustrates the correspon-
dances between the terminologies in the physicail,
psychophysical and psychological fields.

Let us now return to the expressions in formulae
I1.17-2 and 1.1-3, With the introductiod of the summa-
tion term £ and multiplication by Ax, the functions
Pia
specific value of either radiant flux or luminous

and Fix miss their individuality, since for each

flux there will be an infinity of different spectral
distributions of energy, P, , which will satisfy
equations I.1-2 and I.1-3 for each of the components.
- All stimuli, within each of the family of P, curves,
giving rise for each component to the same radiant

- and luminous fluxes are said to exhibit metameric
colours, In the case of colour of physical objects,
which is the main concern of colorimetry, the situa-
tion is that of the beams of light leaving their
surfaces being alike in colour although different

in spectral composition, When dealing with non-self-
~luminous objects, the spectral composition of the
‘light reflected/transmitted, P,, depends on the
spectral composition of the illuminaht source 'I'

as well as on the object's‘spectral reflectance or
transmittance factors (which are in bart a function
of the illumination angle). And how any light sti-
mulus 'C' = P, will be perceived by an observer de-
pends not only on its spectral composition, but also
on the observer himself and on the background lights
which can temporarily modify the sensitivity of the
eye to see certain colours and even become a part of
P, itself. Two specimens or lights exhibiting meta-
meric colours will be deemed to have the same colour
under a certain illumination and judged by certain

observers; under other illumination and for other

17




18

observers, the two will generally appear with dif-
ferent colours and are said to show a metameric dif-
ference, |

It follows then that any seriocus attempt to evolve
a methodology which objectively measures colours and
tells them apart, must first find a way to prevent
the occurrence of spurious metameric matches, A first
step goes through étandardizing the conditions of
illumination (illuminant, illumination angle and
background) to, as it will be seen later, standard-
izing even the observer himself. But even so, any
attempt completely to eliminate the possibility of
metameric matches to appear is doomed toc fail, be-
cause of the very nature of formulae I.1-2 and
I.17-3. The technique of defining a colour. by giving
its components’ radiant flux and luminous flux - or
any other physical measurements derived from these
two.- does not give rise to any unequivocal charac-
terization; This limitation has however never been
a sérious handicap in industrial colorimetry but it
has in fact become its strength, since the observer
will see two different stimuli as equivalent as long
as he sees as identical the radiant fluxes (and lumi-
nous fluxes) of each péir of homologous components,
In other words, the human eye cannot discriminate
beyond the L level of the formulae. The aim of in-
dustrial colorimetry being the measurement of col-
ours for the ultimate purpose of manufacturing
copies, it is really of little concern whether a
match is achieved by exactly reproducing a certain
spectral distribution of energy or any other giQing
rise to the same sensation, as long as the match
~holds under all normal conditions of viewing. Fortu-
nately experiments show that colour matches remain
valid over a wide range of adaptation levels and
conditions of contrast, at least for 2° fields (cor-
responding to the rod-free area of the visual field

in the retina), and that only when the eye is sub-
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jected to glaring Conditiéns of pre-adaptation does

a colour-match break doun.

| Concerning the problems dealing with illumination
conditions and standard surfaces, the 1931 C.I.E,.
recommends the use of standard sources - illuminants
" A, B or C (fig. I.1-3) - emitting light at 45° to
the surface of the object under study and being col-
lected normally, in order to avoid any eventual
speculaf reflection. As standard surfaces to which
the object’s reflection factor (reflected light/total
incident light) at each wavelength will be referred,
Mg CD3 has been found much more constant in whiteness
than Mg 0, for 'abridged' reflectophotometers, while
the use of three standard coloured charts has been
advised when providing the C.I.E. specifications,.

The problems dealing with the standardization of
~the observer proved to be more difficult to tackle.
Use was made of the principle underlying the exis-
tence of metameric colours, without any real (spec-
tral) identity being strived for. A capital aspect .
of each matching experiment is the election of the
reference stimuli. The impossibility of matching all
colours by additive combination of three lights of
fixed chromaticity has already been mentioned, but
it ié reasohable to strive -for a choice that will
reproduce as many colours as possible. A near max-
imum,bhromaticity gamut is attained by choosing two
of the stimuli (red and blue) near the ends of the
spectrum locus and the other heér the middle part of
it. A disadvantage is that the two primary stimuli
(red and blue) selected in the vicinity of the ex-
tremes must necessarily have low luminosity. The
problem is then finding the triad which will re-
present the'optimal compromise between high luminance
and wide chromaticity gamut., Once this was done, the
procedure implied determining once and for all the

amounts of the three stimuli required by the average




eye to match a standard quantity of T-units (or one

watt) of every colour throughout the spectrum. This

was done by letting several groups of observers =
with the aid of a visual colorimeter (fig. I.1-9) -
to make matches of colour at constant wavelength in-
tervals, &4Xx, along the whole spectrum., Their results
were averaged and adopted by the C.I.E. (Commission

Internationale de l1’Eclairage) as represantative for

the colour-matching characteristics of the standard

observer (1931)., A new set of variables has been de-
fined: the so called distribution coefficients, re-
presenting the number of T-units of each component
required at each wavelength to match the colour

(light) of the equal-energy spectrum (fig. I.1-8).

Thus, the standard cbserver, as specified in 1939 by

the C.I.E., involved first:

1) tabulation of r, g and b, spectral chromaticity
coordinates (called at that time trichromatic
coefficients), from 380 nm to 780 nm at every
‘5 nm in terms of stimuli selected as

,2)1700'nm-'R', 546,71 nm 'G' and 435.8 nm 'R' which

indefine a system 'R,G,B8' whose units have been
‘adjusted to be equal in a match on an equal-
energy white; h
3}. tabulation of T,, g, and b,, distribution coeffi-

", cients or tri-stimulus values for the equal-energy

spabtrum, at the same wavelength intervals and

% Por identical stimuli and units;

4f§setting up the relative luminous efficiencies
(then known as relative luminosities) of the

) T=unit of 'R',"G' and 'B'; their values wsere

77 'found to be V,p,=1.00, V,¢,=4.5907 and V,g,=0.0601.
These tables are valid for colour matching under

conditions or‘_2o faoveal vision, which corresponds

- to seeing with the rod-free, central area of the

fovea, as measured by its angular subtense in the

visual field, When considering the varying struc-
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ture of the retina, from fovea to periphery and
from one individual to the other, the role of eye

- pigment and the importance of nre-adaptation and
conditions of illumination, the need for standards
is readily appreciated, and it is hardly surprising
to find that the colour match eventually'agreed
on by a group of observers does not hold as soon
as the visual field is enlarged beyond the 2%-sub-
tense, the illumination conditions changed or the
observers substituted by another group.

Thus, if in order to match the colour of an equal-
energy spectrum at poéition A, one T=-unit of each
standard stimulus (r,/g,/b,) is required, P, units
of each will be necessary in order to match a colour
of spectral composition P, (Py.Tp/P, 3, /P, «By). After
the 1931 corngress in Colorimetry it was agreed that,
since the stimuli 'R', 'G' and 'B' often require neg-
ative coefficients if absolutely every real colour
is to be matched, and since the meaning of a negative
amount of colour could result in misunaerstandings

 and: miscalculations by some of the users of the sys-

' tem, an all pdsitive reference system (X,Y,Z) -based
dn:iméginary colours~- was to be used, whiles the sys-
témf'R,G,B' was kept as the appropriate framework
within which to define the colour-mixing character-
~istics of the standard observer, and as working ref-

 A'a:aﬁcéfstimuli (1). The faormulas for X, Y and Z are

sfhilar to thoss for R, G and B, It is custemary,
howaver, to introduce a normalizing factor kn in
gach of the three expressions with a value such that
Y is clamped down to somse practical figure, in the

" ‘casd of the standard surface, while proportions

(1) 1In the chromaticity diagram the nsw points -X, Y and
Z- must determine a triangle which sncloses all real
colours, so that trichromatic and distribution coef-
ficients ars positive (fig. I.1-7).




X/Y/Z are laft unaltered. Thus, ks value is:.

chasen as

K= oe--oo-200_ L (1.1-8)
n L¥5- Pa.O

In the“case of object colours - a situation of

special bioclogical concern - a surface has the

Pig. I.1-7. [(XYZ)-tristimulus space in odlique projection
showing location of [x,y)-chromaticity diagram (unit plane,
X +Y+ 3w 1) (After Judd & Wyssecki, 1963).

colour of the light reflected by it, for which reason
a reflection factor p, has to be introduced in the
formula, Kesping the stbol P, for the ensrgy distri-
'bution of the illuminant, normally a B‘or C source,
the light reflected by the object is p F and the

formulae became

X = knzig.pxp}.Ax
Y o=k L Yyep, Py A (1.1-9)
7 = an zk.pxpxglﬁk
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. where p is the reflection factor of the sampls (un-
der standard conditions of illumination and viewing)
referred to that of the standard surface, which thus
has a reflection factor equal to one adimensional
unit,

Electromechanical devices have been designed and
built which accomplish these multiplications and in-
‘tegrations and, in some cases, can be adapted as an
attachment to a recording spectrophotometer. A modern
variety has digital tristimulus integrators and dig-
ital readout devices which are used in combination
with tape-punch or card-punch equipment and digital
computers, .

The coefficients given in thé tables for the 1931
standard observer are thus not referred to stimuli
'R', 'G' and 'B' but, normally to stimuli (X), (Y)

and (Z). As an additional practical normalization,

’

Z.;x.Px.zskis often made equal to 1003 then K_“s
value is 1. Since the products x,.P,, yx.Px and
z,+P, are assiduous ingredients in the calculation
of X, Y and Z, it has also been practicable to pro-
.duce tables for them -not only for the C.I.E. stan-
dard illuminants but for other non-standard sources
as well.

The election of these particular stimuli, among
all non-real colours, is by no means arbitrary, Apart
from determining an all-positive system, it can be
shown (Wright, 1944) that -. for the particular set
selected - the luminous flux (and luminance) contri-
buted by the imaginary components (X) and (Z) is
null, Under those conditions, in virtue of all the
mathematical accommodations performed, the luminance
of an object can be made equal to its Y-tristimulus
value, within a scale whose maximum value corres-
ponds to the Y-value of the standard surface (ar-
bitrarily chosen as YS=1OD). By doing so a scale
has been created for the tristimulus values as well,

The Y values are clamped up to a maximum of YS=1UD,




while the respective maximum for the X and Z values
are determined by the maximum Y and the proportions
between the chromaticity coordinates of the illumi-
nant source, If these are Xy, yg and 21y the stan-

dard surface’s tristimulus values must keep the same

‘-relationship. Therefore

and since YS is made equal to 100,

X1
X = -==-,100 Z_ = -==-,100
S Y1 s Y1

The problem which an anthropologist is Ehus going
to find in practical fieldwork, if trying to deter-
mine the colour-of a skin, is that of obtaining the
amounts of (X), (Y) and (Z) needed to equal the sen-
sation of colour produced by the light reflected from
‘a surface with relative reflection factor p, when il-
luminated by a standard source of spectral composi-
tion P, under an angle of 45 degrees., The light is
after reflection collected normally by one or three
photocells and, if photocell-filter combinations pro-
viding at least the same overall spectral responses
as the x, y, z,functions are available (fig. I1.1-8),
the tristimulus values can be obtained directly., If
the photocell-filter combinations provide instead
responses T, g, b, tristimulus values R, G and B will
be obtained which can be converted to X, Y, Z values
(Clulow, 1972). If not in possession of a colorimeter,
the X,Y,Z tristimulus values can still be produced
from a knowledge of the products in I.1-9, according
to the method described above. In practice, however,

many modern spectophotometers, apart from providing
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a full graph of the reflection curve, are also
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Pig. 1.1-8, Example of curves showing the degree to which
tristimulus filters comdbined with a bdbarrier-layer cell du-
plicate the C.I.E. ecolour-matehing curves X,y §,+8, . The
¢ristimulus filters are maede up of combdinatione of coloured
glasees arranged in series and side by side. (After Judd &

Wyssecki, 1963).

attached to & tristimulus integrator which automat-

ically computes the requirec values,




No presentation of the techniques for the meas-
urement of colour through an exposition of their
theoretical foundations is complete without an
introduction to the various types of instruments
among which they have found their application. The
methods for measuring and recording colour can be
classified into two main groups: matching methods
and spectrophotometric methods. The first group’s
working principle is the matching of colours,
first achieved visually by using standard col-
oured cards or charts and later by means of either
visual or photoelectric colorimeters. The second -
method involves measurement of spectral wave-
lengths and photometric brightness (or luminance)
of colours. .

The first visuwal matching methods are basi-
cally means of classifying and comparing colours.
The Ostwald system, the -pioneering work on which
the more modern Colour Harmony Manual (Granv;lle
& Jacobson, 1944) is based, the Munsell system
(1929, 1943) and the most extensive Villalobos
system (1947) are about the most representative
here. Their aim is to find, among the possibi-
bilities provided by the system, one which is
judged to be identical to the sample’s colour,
which in turn means that the system’s effective-
ness is a priory severely restricted by the com-
prehensiveness of the set of cards or charts used.
In addition, all visual methods of colour matching
are by their very nature subjective,

The instruments utilised for matching colours
are called colorimeters and belong to either the
one or the other of two different types: visual and

photoelectric colorimeters., Within- the last group,
| the human eye’s role is performed by one or several
photoelectric cells, Both types’ operational phil=-

osophy rests on two fundamental principles:

26
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1) most colours can be matched (with the exceptions
seen before) by mixture in suitable proportions of
three standard radiations, usually red, green and
blue; A

_2) blending of any twe colours can be matched by
mixture of their respective matching combinations.
These two principles, in combination, especially,
with two of the laws already formulated by Grassman
in the 19th century (1853), provided the theoretical

foundation of what was to become later the C.I.E.

~system of colour specification. These two laws are:

1) The human eye can only distinguish three kinds

of variation related to colour: variations in domi-
nant wavelength, purity and luminance.

2) The luminance resulting from the additive mixture
of a.number of lights equals the sum of the lumi-
nances produced separately by each of the lights.

In an additive (1) visual colorimeter the eye

receives the light resulting from the mixture of the
three primaries, whose relative proportions can be

ad justed until its addition is judged to equal the

~colour to be measured (fig. I.7- 2 ). The readings

can afterwards be converted to C.I.E. values. The
various types of visual colorimeters differ chiefly

in the means devised to achieve the additive mixture

The so called substractive colorimeters, although
based on the same principles, work in the opposite
way. Instead of finding the amounts of red, green
and blue required to match the specimen’s colour,

a beam of white light (assumed to possess an equal
energy distribution through the spectrum) is, by
stepwise absorption whken passing through three
filters -in for instance the sequence yellow, ma-
genta and cyan- deprived of its blue, green and red
components in that order. The density of the filters
can be varied in order to control the absorption of
the three primaries, until the resulting light
equals the colour of the sample. The Lovibond Tinto-
meter (made by the Tintometer Limited, Salisbury,
Wiltshire, U.K.) is probably the most representative.




of the three primaries, The colorimeter contrived by
Donaldson (1935) has perhaps been most widely used

in industry.
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Pig. I1.1-9. N

The principle of trichromatic matching colorimeters The light reflected
from the upper screen is sdTéIy that of the specimen and from the lower screen only the mixture
of red, green and blue ight. By adjusting the amounts of red, green and blue fight, for example,
by varying the operative areas of the primary filters. the mixture in the lower half of the field
of view can be made identical in appearance to the colour of the specimen in the upper half
of the field of view. ’

In the photoelectric colorimeter either the re-
flections of the three primary lights .are in succes-
sion collected by a single photoelectric cell or an
originally-white beam of light is, after reflection,
" divided in three and each portion passed through one
of the three primary filters before collection by
one of three photocells. In each case, the weak
electric currents generated in the photocell or
photocells by the intercepted iights are amplified
and measured in a galvanometer, as a direct indica-
tion of the amounts of primaries required. The
measurements are made in a scale which normally
supplies readings (tristimulus values) convertible
or related to the C.I.E., units, It is even possible,
although problematic, to design colorimeters giving

direct readings in C.I.E. units. Prior to making

-
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measurements it is generally necessary to calibrate
or balance the photoelectric cells against the light
reflected by a good white reference surface. Typical
photoelectric colorimeters are the Colormaster (made
by Manufacturers Engineering and Equipment Corpora-
tion, Pennsylvania, U.S.A.) and the Color Eye (made
by Instrument Development Laboratories, Massachus-
sets, U.S.A,).

Within the second main group, spectrophotometric
methods, the services of a photoelectric spectro-
photometer are today utilized in order to establish
how the proportion of reflected or transmitted light
varies throughout the spectrum for each specimen.,
From this knowledge the international C.I.E. specifi-
cations can be derived in a later step. The graph
obtained from these measurements provides informa-
tion about the spectral composition of the light
reflected or transmitted by an object when illumi-
nated by some stamdard source. Such a graph can be a
continuous curve (automatic recording or 'full' spec-
trophotometer) or an approximate spectrophotometric
curve, resulting from joining together a certain
number of points (between eight and sixteen) ob-
tained in the same manner as before, ('abridged'
spectrophotometers). Fig. I.1-10, a and b, illus-
trates the working principles of both spectrophoto-
‘meters for an opaque specimen. In both methods the
light from the standard illuminant is divided in
narrow wavelength bands which, after partial reflec-
tion.by the specimen, are collected by the photocell
where proportional amounts of electric current will
be generated; these will in turn be amplified and
transferred to a milliammeter or galvanometer, where
they are measured as direct indication of the relative
composition of light along.the spectrum, Before oper-
ation the apparatus must be calibrated by adjusting

to a specified quantity the light reflected by a
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standard white surface. The same beam of light is in
each case either divided in two and each half focused

on respectively the specimen and the white standard
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Pig. 1,1-10, The principle of a full spectrophotomster,
arranged primarily for measurements on opaque reflecting
surfaces (a). The principle of abriged spscirophotometers
: for reflection (b).
- (After Clulow, 1972).

(*full' spectrophoctometers), or focused in succession
on the white standard and the specimen during the
calibration process (some 'full' spectrophotometers
and all 'abridged' spectrophotometers). Due to. the

. calibrating operation, measurements on light reflected
from the éample are referred to those from the white
surface, which in fact provides us with the reflection
factor of the specimen at the particular waveband
selected., The main difference between both kinds of

. spectrophotometers lies in the procedure followed to

produce those wavelength bands, as seen in fig. I.1-10.




Summary

Representative of the first type are the Hardy re-
cording spectrophotometer (now manufactured by the
Diano Corporation, Foxboro, Massachussets, U.S.A.)
or the Leres’ Trilac (made by Leres S.A. of Paris,
France), the last one linked to a tristimulus inte-

grator and thus capable of directly producing the

‘three C.I.E. tristimulus values. Among the many
‘'abridged' spectrophotometers available in the

'market are the Pretema FS5-3A Spectromat filter

spectrophotometer (made by Pretema AG, Zurich,
Switzerland) with 33 narrow wavebands spread at
intervals of 10 nm between 390 and 710 nm, The

instrument also has a built-in automatic computer

for calculation of C,I.E. tristimulus values and can,.

in’addition, be connected to another computer for

storing measurements and solving colour problems.

Some aspects of therphysics of colour have been
introduced in some detail in order to place the C.I.
E. specifications for the expression of colour in a

wider theoretical context. It . is generally held that,

':within their frame, the 'monochromatic-plus-white'

mode (dominant wavelength, purity, luminance) is more

closely associated to the subjectively perceived

‘attributes of colour (hue, saturation, brightness)
,fhan-the 'tri-chromatic' mode (x, y, luminance).

. f,The-industrial applications =. in. the manufacturing
‘of.’Golorimeters - of the indetermination. brought

" ab
.délofimeters and spectrophotometers have been re-

6ut by metamerism and the most important types of

out

viewed,
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The nature of melanin pigmentation.

The skin constitutes the boundary between an organ-
ism and the outside world and its main functions
are in accordance with that. The skin, particularly

the epidermis, protects the body against mechanimal

. pressure and provides a barrier against UV radiation

and the orgamisms of disease. In addition, its im-
permeability provides resistance against penetration
by water and restricts water loss, helping to con-
serve the moisture of underlying tissues(1 . The
lower layers of the skin, dermis and inferior epi-
dermis,perform a sensory role by means of nervous
receptors of touch, pain, heat and cold. Regulation
of body temperature is carried out by cooling
through increased blood flow in the vessels of the
skin and'by evaporation of the watery secrétion of
the sweat glands. Another important function is
metabolic, i.e. contributing to the electrolyte
balance (balance of sodium and potasium salts in
the body fluids), or forming vitamin D from choles-
terol when irradiated with UV light. But apart from
all these functions, the skin is - in its upper
layer - the seat of the substances (generally called
pigments) which are the main responsible for the
colour of humans, which in turn is directly related
to three of the aforementioned functions - that of
protection against UV radiation, the thermoregulatory
and that of synthesis of vitamin D - as will be shoun.
The total thickness of the skin presents wide re-
gional variability (from less than 0.1 mm up to 3 or

even'&_mm). It is generally thicker on extensor than

on flexor surfaces, but is thickest on the soles of

(1)

the feet and the palms of the hands, where the wear

The epidermis is in general impermeable to electro-
lytes, but most gases and liquids pass through it
easily. Especially important is the difussion of oxy-

‘gen and carbon dioxide inwards and outwards respect-

ively.
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and tear is maximal, Of the two main layérs which
constitute the skin (fig. I.2-1), the most super-
ficial - the epidermis - consists of a stratified
epithelium whic%, after supression or decolouration
of its brown pigment (melanin), is reported to ap-
pear as a transparent, grayish-white membrane
(Duchon et al., 1968). The epidermis may be sub-
.divided into two main groups of layers, of which

the upper (consisting of three differentstrata) is
continually being worn away by usage at the surface,
while the lower one (consisting of two distinct
strata) has the role of creating - by mitotic pro-
liferation - the cells necessary for the maintenance
of the upper strata, It is traversed by the ducts of
sweat and sebaceous glands and by hair follicles,
where these are present. In accounting for the wide
range of hues and colours in the skin of the various
races of man the distribution through the epidermis
of the brown chromoprotein pigment known as melanin
is of vital importance. It is manufactured and as-
‘sembled in specialized organelles within the Golgi

" area of the cytoplasm in some of the dendritic cells
of the lower layer of the epidermis, These cells are

the melanocytes.
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The epidermié rests on a foundation of firm
connective tissue - the dermis or corium - in which
bundles of collagenous fibres are intermingled with
a mesh of elastic tissue, which is particularly well
marked at the surface of contact with the epidermis.
This arrangement becomes important in anchoring the
epidermis to the subjacent dermis. At the base of
the dermis man has a well developed layer of fatty
tissue. Superficially, among heavily pigmented races,
the dermis may contain granules of melanin and is
always the seat of sudoriferous and sebaceous glands,
in addition to containing heir follicles, nerves and
the most superficial of the blood vessels. Hair
follicles and glands are in fact epidermal structures’
produced as downgrowths from the lower layer (stratum
germinativum) of the epidermis, in the spaces between
the dermal papillae. Sebaceous and sweat glands ori-
ginate as appendages of hair follicles, Since part
of the light of the visible (VL) region penetrates
into the dermis (fig. I.2-2), blood - especially among
Whites - and dermal melanin contribute also to im-
parting'colour to the skin. The first one imparting
a faint, pink colour to the skin in vivo.

On the basis of the distinctive physiological
features of the integrating cells, four different
strata used to be recognized in a dissection of the
epidermis, From below, the first stratum is the ger-
minal layer or stratum germinativum, mostly with two
kinds of cells: dendritic and polygonally shaped.
This stratum is now currently subdivided into two:

a one-cell thick layer, where most of the prolifer-
ation necessary for cell replacement takes place.(ba-
sal layer), and a thicker one ( prickle cell layer),
which derives its name from the thorn-bush like ap-
pearance conferred on it by the intercellular bridges
and tonofibrils interweaved between the prickle cells,

-These cells are specialized in structure (and by kera-
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(a)

'

* . PeNetmATION OF LIGHT INTO HUMAN SxuN as a -

Funcrion or WaveLencTtH. The curves N and W
indicate for Negro and \White skin, respectively,
rough estimates of depths at which radiation of the
corresponding wavelengths is reduced to 5 per cent
of its incident value. There are insufficient data to
make more than rough estimates, and these curves

.

35

idermis

Diacrausanic  REPRESENTATION OF -SkiIN
StrucTtures. A schematized conception in which the
dimensions should not be taken as generally represen-
tative, since the skin may vary widely in its thickness.
€, cormecum, i.e. horny layer of epidermis. m, malpigh-
ian layer of epidermis. sw., sweat gl:md seb.,
scbaceous gland. p, the most supcrﬁcml blood \csscls

should be regarded as suggestive rather than in any

hair shaft

Pig, I.2-2, The penetration ot solar radiation into human
gkin, (a). Penetration of light into humar skin as a runction
of wavelength, (v). Diagrammatic representation of skin struc-
tures. (After Bilum, 1961).

tinization) and they can not divide. The cells in
the basal layer (stem cells) have no input from else-
where and - together with some among those lying im-
mediately above the basal layer (parabasal cells)

are subject to éctive, intermittent, regionally
Half of the cells

generated under each mitotic cycle migrates to the

variable mitotic proliferation.

surface undergoing progressive differentiation (cor-
nification or keratinization) along the way. Wright
(1977) emptasized the transit-compartment character
of the up-to-the-surface following layers, whose
cell material directly proceeds from the germinal
layer and is continually being displaced upwards by
newer, incoming cells. Among those staying in the
basal layer, only a certain proportion are prolifer-
ative at any one time; the rest leave the cycles,
moving into a resting phase, in which they are
quiscent but still potentially Fertiie, and from

which they can return into the cycle in times of in-

arterioles, capillaries, and venules. h, hair follicle. s,




creased cell demand., The polygonal cells continue
into the Malpighian layer (the top subdivision of
the stratum germinativum) where, as keratinocytes,
they appear now in the company of cells provided
with slender and elaborately branching processes
(dendritic cells). Most of these cells are melano-
cytes, secretors of melanin, and around each of them
a group of keratinocytes appears arranged as a pool,
forming what is called an epidermal melanin unit,
Every melanocyte is in contact with each of the
cells in its pool through a branching process, ended
by an expansion which is applied as a cap to the .
keratinocyte’s surface (fig. I.2-3). In the cyto-
plasm of the melanocytes granules of a dark sub-
stance (melanin) are produced, which - after acti-
vation of the melanocyte - are transmitted along the
branching processes to the cap. From there, the mel=-
anin particles (melanosomes) are either innoculated
or nipped-off into the keratinocytes of the germinal

[
i

~-TRANSFER OF
MELANOSOMES

DNA SYNTHESIS . TYROSINASE ACTIVATION

MITOSIS
TYROSINASE SYNTHESIS

i

’; a TYROSINE ~=DOPA —=DOPAQUINONE —= MELANIN

Pig. T.2-3. Biological control of melanogenesis in the epider-
mal melanin unit. (After Pathak, 1967),

layer (Magnin, 1969). It seems likely that the
Malpighian cell (keratinocyte) may play an active
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role in controliing the synthesis of melanin gran-
ules by the melanocytes (Fitzpatrick, 1964). Once
inside the keratinocyte, the melanosomes form a
polar cap or perikaryon around the nucleus of the
ordinary basal cells, for protection against UV
radiation (as will be shown later). In black skins,
however, the cytoplasm may be filled with melanin
granules, and not only the cells in the stratum
germinativum but also those in superior strata con-
tain melanin granules.,

The next layer, only two or three cells deep, is
called the granular layer or stratum granulosum, '
This consists of flattened cells whose cytoplasm
contains an abundance of granules of a colloid ma-
terial (keratohyalin) which is believed to be the
precursor of keratin - the horny material which is
especially abundant in the upper stratum of the
epidermis, The granular>layer, together with the
elastic tissue of the dermis, seems to impart pli-
ability and resilience to the skin, so that it can
- by stretching - adapt to the movements of the body.
' Next comes the stratum lucidum, which has a clear,
translucent appearance in stained sections. Here,
cell boundaries and nuclei have lost their clear-cut
outline, while the keratohyalin granules of the sub-
jacent stratum have become transformed into larger
masses of an achromatic substance.

The surface stratum, horny layer or stratum
corneum, often forms the greater part of the total
epidermal thickness. The nuclei are no longer evident,
and from below upwards the flattened cells are gradual-
ly converted into cornified flakes. On their way to
the surFace, the epidermal cells carry along their
melanosomes which in the stratum corneum appear not
as granules but as fine, irregular, pigmented par-
ticles., They regularly freckle the horny layer of
Blacks but not of Whites, except during a variable
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(1)

period after exﬁosure to ionizing or UV radiation -
(or any other activating agent). Apart from melanin-
bearing particles, the remains of decomposed hea-
moglobin can at times be found interspersed with the
keratinized, scale-like cells. Thus, over fifty per
cent of the contents of the cells in the stratum

corneum is soft keratine, with more water than

‘either in horn or hair and provided with very re-

sistant cell-walls, Two different kinds of keratin,
both strongly resistant to acids and alkalies, are
included.

Some of the dendritic cells belong to the type.
known as Langherans cells, while others are vaguely
classed as indeterminate (Magnin, 1969). Although
the role and ori?in of these cells are not exactly
understood yet(l y the third type are secretory.
cells derived from the neural chrest and the outer
layer of the optic cup as melanoblasts, and trans-
formed into melanocytes with the onset of melanin
production in the Malpighian layer. The melanocytes
migrate during neconatal life to three principal
sites: 1) the epidermal-dermal junction of the
skin(g and mucous membrane, and the hair bulb,

2) the central nervous system (especially the lepto-
meninges) and 3) the eye (the uveal tract and the
retina), All three are commonly grouped together as
the melanocyte system., Different from all other cell
types, the melanocyte is a specialized cell provided
The Langafhans~cells have by some traditionally been
thought of as worn-out melanocytes on.their way to
disposal at the surface. More recently -(Zelickson et
al., 1968), it has been suggested that théy can be-
come active melanocytes after intake of UV-radiation,
To some others they are totally independant from the
melanocyte lineage, and, specifically, Breathnach and

Wyllie (1967) are of the opinion that they have the
function of influencing somehow the surrounding kera-

* tinocytes (perhaps by loosening their intercellular

attachments and even phagocyting portions of their
cytoplasms).
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with two or more dendritic processes (fig. 1.2-3)
and containing, in its pigmented phase, bunches of
yellow-orange or dark brown to black cytoplaémic
granules (2 . The melanocyte possesses mitotic
activity (Szabd, 1967), although it does not divide
as often as the keratinocytes,

Those granules, the melanosomes, are located
within the Golgi body. In them, eumelanins are formed
by the action of a copper-containing aerobic oxidase
enzyme (tyrosinase) on two aminoacids - monphenol
(tyrosine) and dihydroxiphenol (DOPA) - (fig. I.2+4),
and deposited in a matrix constituted by a flat
lattice-like sheet of intercrossed compound fibres,
rolled-up like a rug in order to give the mature
granule its three-dimensional form (Fitzpatrick et
al., 1967). The end product is, physically, a dark,
spherical or ellipsoid organelle (0.5-1.0 u in length,
0.2-0,3 p in diameter) surrounded by a unit membrane,
that has a regular internal pattern of dense particles
deposited with a characteristic periodicity of 90 A
by 54 R (Duchon et al., 1968).

Melanocytes may also occurr in the dermis of lightly
and moderately pigmented individuals as groups of
cells scattered through the dermal connective tissue
(Mongolian spot) or as compact cellular masses (blue
nevi), They may probably be explained as migratory
melanocytes arrested in their course from the neural
crest.

Both pigments (phaeomelanins and eumelanins) are
present in human hair, but only eumelanins (dark
brown to black) have until now been demonstrated in
skin and eyes.
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’ Fig, I.2-4. The tyrosine-to-melanin pathway. (After Duchon et
al., 1968). .

Chemically, eumelanins (or DOPA-melanins, as
they are also called) are high-molecular-weight
polymers of - amorg others - quinone and indole
groups, organized in different kinds of residues
(monomers) which are linked in a variety of ways.
Eumelanins are insoluble in most solvents, resist=-
ant to chemical treatment and have a complicated,
irreqular, chemical structure; they contain metal
ions - copper and zinc, firstly, but also iron,
manganese, titanium, cobalt, nickle and molybdenum
- and can react with others. They possess free-
radical character and present paramagnetism (Duchon
et al., 1968). DOPA-melanin polymers appear firmly
bound to a protein (also contained,with other sub-
stances, within the melanosome), forming what is |
called a melanin-protein complex.

Much less is known about the chemistry and forma-
tion of phaeomelanins, the yellow-orange substance,
closely related to the DOPA-melanins, which are
found in human hair. They are equally formed as

granules in melanocytes and - contrarily to the
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‘eumelanins - are‘soluble in dilute alkalies, Phaeo-

melanins have been found to contain iron (whence
the alternative name trichosiderines) and sulphur,
and this last fact-in combination with chemical and
reflectrophotometric research - led Prota and Nico-
laus (1967) to demonstrate that they are formed in
vivo by a deviation of the eumelanin pathway. The
reaction involves interaction of cysteine (a -SH
bontaining compound) with one or several guinones
produced in the oxidation of DOPA, They further con-
cluded that the red-to-violet colours of the com-
pound are merely produced by modification of the -
yellow-orange pigment during acid extraction.

The enzyme tyrosinase has a wide distribution
throughout the phylogenetic scale.(plant and animals) .
and seems to be synthesized in the ribosomes of the
bytoplasm and transferred - via the endoplasmic re-
ticulum (ER) - to the Golgi area, where, together
with protein moieties, it is assembled into units
surrounded by a membrane envelope (stage I melano-
some). The enzyme seems to have two different ac-
tivity centres, one catalyzing the reaction from
tyrosine and the other for the reaction from DOPA,
Copper plays an esential role in both activities.
Its reaction with the sulphydril groups, -SH, pre-
sent in different substances in the skin, inacti-
vates the tyrosinase and blocks melanin formation,

A melanosome can exist in any of four different
stages, of which the first three show dopa-positive
reaction. The stage I melanosome has no recognizable
internal structure, but this has become clearly dis-
tinctive in stage II. The stage III melanosome shows
a variable degree of melanization, while a stage IV
melanosome is a fully melanized granule. Tyrosinase
activity ceases during this stage. (Szabd et al.,
1971). ’
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Rpart from the proper epidermis-~demis junction,
melanin exists also in certain parts of the hair

follicles and the eyes(1). In order to study its
distribution, it becomes necessery briefly to re-

view the anatomy of these areas.

The hair follicles are epidermal pits produced
as downgrowths from the germinal layer. The follicle
or sheath where the actual hair is embedded, con-
sists of an outer sheath (really a continuation of

‘the polygonal Cells of the epidermis) and an inner

sheath, Both expand downwards into & bulb, with
polygonal and columnar cells, which slightly in-
vaginates its free end to form & small vascular
papilla (fig. I.2-5). The purveyance of nutrients

Wool fibre
Skin surface

Epidermis

/—— Dermis

Erector
muscie

Sebaceous gland

Keratinization
7/ (hardening) region

7 Fibre ‘root’
b—)-_ Sweat gland
Bulb

Papilla

Pig, I.2-5. Verticel sectior of & wool follicle in the sheep.
(after Ryder, 1973).

from the blood vessels to the hair takes place

through the papilla and elong the sheath., The

‘hair shaft itself, as well as the inner sheat,

grows from the bulb by active proliferation of
its cells., A hair shaft is composed of three

concentric parts: a thin cuticle, an inner

Melanosomes may be found as well in the parathyroid,
thymus, ovary, spleen and adrenal medulla,
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cortex and the central medulla., The cuticle is made
of thin, Flét, scale-like, usually unpigmented,over-
laping cells. The inner cortex has rounded and longi-
tudinally elongated pigmented cells. The central med-
ulla, which may be absent, is filled with cells of -
irregular shape which may leave minute air bubbles
in between. As the hair grows away from the bulb, the
cells of the cortex become progressively elongated in
shape. These changes are associated with the keratin-
ization ﬁrocess, initiated in the cuticle, leading to
the gradual hardening and final death of the cells,

Melanocytes in hair follicles are mainly localized
in the outer sheath, where they have immigrated from
the epidermis, The cortex, which - in most cases -
makes the greater part of the hair body, consists
mainly of keratinized cells with air-filled spaces in
between (Fusi, more numerous and bigger in thick
hair). These, which are usually the only melanin-con-
taining‘ngfffjggauire their melanosomes from the
upper pdrtion of the matqix of the hair bulb by phago-
cyting the dentritic processes of the neighbouring
melanocytes., Within the new cell, the cell-wall of
the process disabpears and the melanosomes disperse
through the cytoplasm,

In human hair and hair follicles, melanosomes of
three different kinds appear. Two of them, presumab-
ly, belong to the same lineage (eumelanins) and pre-
dominate in black and blond hair, while the third -
whose different shape presumably betrays a different
chemical structure (phaecomelanins) - is responsible
for red hair. In black and brown hair the melanosomes
are flattened and longitudinally elongated. When they
are big (0.8 u or more) and very abundant the hair
appears black or dark brown, while if they are fewer
in number and smaller the hair appears non-red blond.
'Blond' melanosomes are less dense than 'dark' and
remind one of these in their formative stages
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(Birbeck & Barnicot, 1959). Non-reddish blond hair’
seems merely to be the result of a diminution in
both the number of melanosomes produced and the
completeness of their melanization. When the mela-
nosomes are spherical and small (0.5 u or less) the
hair takes in a red hue. The internal structure is
again more discernible than in 'dark' melanosomes
and the boundary of the granule is often ill-defined
and irregular., An individual’s hair may contain both
spheric and elongated granules, the most abundant
partially masking the effect produced by the others.
Ash blond hair, for instance, has only 'blond' meia-
nosomes, while golden blond hair contains both
'blond' and 'red' melanosomes and dark brown hair
contains 'black' and 'red' melanosomes 1). Lack of
melanization of the granules and/or absence of mela-
nosomes from the cortical cells(z) explain albino
and white hair.

Metals probably’play an important role. The fact
that they replace each other in small groups along
the chromatic series suggests some sort of corre-
spondence between their chemical roles in the com-
pound and its colour(B).

The medulla also contributes to colour. In gen-

eral, only thicker hairs have a medulla, The vari-

All this parallelizes very closely Gardner and Adam’s
conclusions (1934). (See section VII.2).

Albino melanosames exist in melanocytes of the bulb
matrix, but it is uncertain whether they are passed
to the cortical cells. They are more numerous but
less formed than in blond hair (Birbeck & Barnicot,
1959 ), presumably owing to inhibition of the tyrosin-
ase, In white hair, the melanosomes seem to have dis-
appeared from the bulb and from the sheath, while the
air bubbles appear accentuated (Le Gros Clark, 1958).

White hair of any race is abundant in Ni, Among Cau-
casogids, golden and brown hair are rich in Ti and Mo,
while in black hair these two have become scarce and
partially substituted by Cu, Co and fe. Black Negro
hair is only rich in Cu and Fe (Gates, 1961).
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‘ously sized, air-filled spaces left in between the
keratinized cells actively reflect the light which
reaches them. Mongoloid hair, for instance, has the
biggest medulla of all and big intercellular spaces,
while that of Pygmies and Negritoes either has no
medulla or it is small (as in children). In sen-
escence, atrophy of the cells in the medullary cavi-
ty, associated with loss of pigment and - eventually-
with an increase in the number of medullary air-

spaces, makes the hair appear white,

The human eye is roughly spherical in shape and
it is bounded by three distinct layers of tissue
(fig. 1.2-6). The outer, fibrous layer or sclerotic
coat, is extremely dense and hard. Frontally, it is

Choroid coat — Black paint
Retina — Fim
s — lris diaphragm

jers — Lens
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—— Blind Pupil
Optic nerve spot h L
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[ , Aqueous humor
Vitreous humor / Suspensory ligament
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HUMAN EYE
Pig. 1.2-6. The human eye, (a). A comparison of a mammal eye
with a camera. The eye is shown focused on & aistant object .
(—) and or e near otject (--). (b). Layers of the eye.

continuous with the also fibrous, perfectly trans-
parent cornea, which admits light into the interior
of the eye (bending the rays so that they can be
focused) Secretion from the tear glands keeps the
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surface of the cornea moist and dustfree. Among
Whites, the sclerotica is white (except when irri-
tated by dust, smoke, etc), but among very pigmented
individuals (as, for instance, Blacks or Australian
aborigines) it may be spotted with superficial mela-
nosomes.,

The middle layer of the eye, the choroid coat,
thin and pierced behind by the optic nerve, is deep-
ly pigmented with melanin and abundantly supplied
with blood vessels, It has the role of absorbing or
damping the reflection of stray light rays within:
the eye., This function is comparable with that of
the black paint within a camera. In the front of the
eye, the choroid continues into the ciliary body and
the iris. The iris, thin and circular-shaped, has a
central opening of variable size called the pupil,
which is contractile and reacts automatically to
variations in the amount of incoming light, its func-
tion being similar to that of a camera’s iris dia-
phragm, The colour of the iris, popularly known as
the colour of the eye, is due to the light reflected
by the pigment granules located in the melanocytes
of the inner (stroma) and outer layers of the iris
(in some cases between them as mell). These melano-
cytes are 'continent' - they do not extrude their
melanosomes into other cells, but retain them, in-
stead, within themselves. The eyes, where the pig-
ment of the inner layer is totally masked by that of
_the outer layer appear light brown to black (de-
pending\of the amount of pigment in the outer layer),
while those without a total masking appear mixed in
colour. This is due to differential transmission of
light according to wavelength, with shorter wave-
lengths selectively scattered and reflected by mela-
nin granules (Tyndall effect) and, consequently,
adding a strong bluish tone to the reflected light.
If no pigment is present in either the outer or the

-
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- intermediate layers, the iris appears light blue. -
The inner, delicate, nervous membrane of the eye
is the retina which contains the actual light re-
ceptors, specialized cells called rods and cones.
'The retina is soft and semitransparent, and func-
tions as the film in a camera. frontally aligned with
the retina is the lens - a transparent, biconvex body
located behind the eye. The lens is held in positiaon
by suspensory ligaments which allow a certain degree
of shape plasticity. Its function is analogous to
that of the lens of a camera. In the centre of the

bosterior parﬁ of the retina and on the axis of the
eye is the yellow spot or macula lutea, provided
with a central depression - the fovea centralis -
through which the dark colour of the choroid is _
seen., The sense of vision is most acute here. Between
~ the lens and the cornea there is an aqueous humor
and between the lens and the retina a transparent,
~jelly~like vitreous humor. The pigmentation of the
retina follows thét of the skin much more closely
than the irig does., Albinos lack pigment in their
rétinas, and yellowish and reddish skins seem to

have similar retinal tones (Coon, 1965).

. The.melanocytes are present in all skin regions
.'which have been investigated, regardless of whether

' they are usually covered or not. There are, however,
regional differences in the density of the melano-
cytic population - with double to triple density in
the head’s epidermis, especially the cheeks and the
forehead (fig. I.2-7). These regional differences are
_syhmetfibally distributed throughout the body in each
individual. No significant differences have been
found between sexes or between races in the epidermic
distribution of melanocytes (Szabd, 1959). There are,
however,'interrécial differences in the degree of
melanization of the melanosomes, their size, distri-

bution within the keratinocytes (in complexes or indi-
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vidually) (Szab6é, 1971). Regional and interracial
differences exist as well in the intensity of dopa
and tyrosine reections, which present similar distri-
butions and more intense reactions in exposed areas(1)
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Differences élso exist from cell to cell, with the
‘giant' melanocytes (normally present in exposed re-
gions) being strongly positive, and the small ones
only weakly positive (Szab6, 1959).

Prior to irradiation with UV light, Caucasoids
- on the one hand - and Mongoloids'and Negroids - on
the other - differ in the proportions of stage IV
melanosomes and even in the total number of melano-
somes in the melanocytes of their skins, Both are
more abundant in Mongoloids and Negroids, which even
contain more stage II and III melanosomses as well
(Szab6 et al., 1971). Among them melanosomes are
also more abundant in the keratinocytes. Within the
keratinocytes, the melanosomes of Australoids and
Negroids appear individually distributed (only a
very few melanosomes appear in complexes - within
the keratinocytes of Negroids) and are much larger

and wider than those of Caucasoids; Caucasoid mela-

(1) Dopa reactivity is already noticeable in the foetus:

it is more intense in the forehead (where the melano-
cytes are dendritic long before exposure to sun) than
in the thigh (where they are usually rounded before
exposure Tyrosine reaction is weak or absent in usual-
ly unexposed areas - although the melanocytes in the
oral epithelium, penis and scrotum are positive.
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nosomes are grouped in complexes of variable size
and shape, like those of Mongoloids(!), but while
Caucasoid melanin granules vary greatly in shape
and size, those of Mongoloids are of uniform size
and smaller than Negroid melanosomes.

The intensity of the dopa reaction depends on an
individual’s ability to suntan (the 'melanogenic
potential') and on the skin’s state of exposure to
sunlight (Szabé et al., 1971). The melanocytes in
skin biopsy sections of Caucasoids present highly
variable dopa reactions: those of red-headed
Caucasoids being very weak (Usually in small melano-
cytes, with few dentrites), while dopa reactions in
the melanocytes of dark Caucasoids are very strong.
Mongoloid mélanocytes exhibit very uniform and intense
dopa reactions. In Negroids, where keratinocytes can
be very strongly pigmented, they can be difficult to
tell‘apart from melanocytes, in spite of the strong
dopa reactions.

The existence of regional differences is not re=-
lated to external factors, such as solar radiation,
as - next to the two most pigmented areas- among the
most densely populated‘are some unexposed regions of
the body (scrotum, penis, sole of feet and nasal and
oral squamous epithelium), whereas some exposed areas
(such as ears and fingers) show low densities. These
differences are postﬁatal y Since they do not exist in
the foetus (the total number of melanocytes increases
differentially with postnatal growth of the body sur-
face). The density of the distribution of melanocytes

‘decreases through life - especially in old age - with

the intensity of dopa reaction becoming stronger and

more variable. At the same time the perykarion of the

This rule is not necessarily true for parts other than
the skin, Keratinocytes in Japanese hair are, for in-
stance, reported to be very large and distributed in-
dividually (Szabé et al., 1971).
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melandcytes increases in size, the dendrites become
longer and hyperpigmented spots appear in great
numbers with hypertrophic melanocytes ! . The abso-
lute number of hair follicles and sweat glands be-
come, however, finally established in foetal life.

As a probable consequence of tﬁe inequalities in
density of melanocyte population, the ratio of melano-

cytes to keratinocytes varies regionally within the

~same subject,

The contribution of melanocytes to skin colour is
determined by their population density and by their
opacity. Fitzpatrick (1964") has established a useful
distinction between two partially different pro-
cesses: 1) melanogenesis, formation of melanin in the
melanocyte and 2) melanin pigmentation, which in-
cludes formation and distribution of pigment through-
out the epidermal cells., Consequently, depending on
their relationship to these processes, the factors
regulating pigment cell opacity can be classified in
two dissimilar groups (Lerner & Case, 1959): 1) fac-
tors operating at the enzyme (or, more generally,
melanogenic) level, which influence the concentration
of pigment within the cell; and 2) factors operating
at the level of movement and distribution of melano-
somes within the cell, A third class could be con-
stituted imcluding those processes functioning in un-
known or dubious ways.

Into this third group belong ionizing radiation

and the factors behind some of the most common sorts

Im addition to the appearance of hyperpigmented spots
and hypertrophic melanocytes, and changes in melano-
cyte density, the whole structure of the basal layer
changes - with epidermal ridges flattening or break-
ing up into short, linked ridges, Similar changes
appear as well at the edge of a vitiligenous lesion
and in freckles (Szabd, 1959).
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‘of hyperpigmentation, such as those following in-

flammation ( as in burns and several kinds of
dermatitis), or responsible for such abnormal con-
ditions as leprosy, pellagra, porphyria and sclero-
dérma, Depigmentation following severe frostbite
injury (Post et al., 1975) also belongs here., It is
suggested that they represent the reaction of melano-
cytes to injury (either of themselves or surrounding
tissue) (Lerner & Case, 1959),

To the first group beloﬁg all those factors which
interfere with the normal development of the tyro-
sinase reaction, normally - but not exclusively Q.by
reacting with or replacing the enzymic copper, in-

hibiting the tyrosinase and producing hypopigmen-

“tation. Among the factors observed to produce those

effects in vivo are substances - present or not in
the bodyv- as sulfhidril and thiol compounds (e.g.:
cysteine and glutathione) and hydrogene cyanide, CO
and mercury containing cintments., Factors in the

milieu, such as temperature (which accelerates the

tyrosinase reaction), aminoacids such as phenyl-

alanin (which inhibits tyrosinase) and cysteine
(when it deviates the dopa reaction towards phaeo-
melanin production) are also important. Some other
substances, as tolseram and chloroquin, cause de-
pigmentation of hair but not of skin,

Sulfhydril groups in water soluble form produce
strong covalent bonds with copper. Although the
total amount of - SH radicals in the epidermis is
constant, there are significant interindividual dif-
ferences in the amount of hydrosoluble sulfhydrils
(Magnin, 1969)(1). The inhibitory action of the - SH

groups is ccunteracted by those substances which in

Hypopigmented areas in vitiligo possess a greater
hydrosoluble - SH content than normally pigmented
areas of White skin, in spite of the equal total

number of -SH.
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turn inhibit them (e.g.: iodoacetamid, monobenzyl
either of hydroquinonme or arsenic). Similar results
are obtained by melanogenic stimuli as UV radiation,

and X rays, heat and inflamatory processes - by
oxidation or distruction of the free sulfhydril
groups which in turn allows free work of the sub-
strate by the enzyme. Most of the sulfhydril groups
are contained within the hydrosoluble tripeptid re-
duced glutathione ( ¥-glutamyl-cisteinyl-glycine),
which is thirteen times more active than the next
most active inhibitor (cysteine)., Glutathione in the
epidermis is present in amounts 100 times greater
than those required for inhibition in vitro, and it
is present in two alternative states: reduced and
oxidized. At any given time over 90 per cent of the
total is in reduced form, in spite of the continuous
oxidation process. Negro reduced glutathione and
glutathione reductase activity are significantly
lower than those in Caucasocids, and a fall in gluta-
thione reductase activity occurs in Caucasoids some
days after exposure to UV light, simultaneously with
the oxidation of reduced glutathione by means of
wavelengths mainly below 320 nm (Halprin & Ohkawara,
1967). This is presumably related to the existance
of four different genetically determined glutathione
reductase molecules'(three in Negro skin and one in
Caucasoid skin).

At the melanocyte level the first effects of ex-~
posure to UV radiation are an increment of the size
and density of the melanocytes, together with arbo-
rization of the branching processes (Pathak, 1967)
plus a proliferation of stage II and III melanosomes
and an increase in the total number of melanosomes
(Szab6 et al., 1971). The size of the melanacyte
population may also increase, especially after
multiple exposure and in previously unexposed areas
(szab6, 1967). Progression along the melanization
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stages might be associated uwith é shift in the wave-
lengths required for the process. Melanogenesis,
detectable by reflectophotometry during the first
days after irradiation, is preferentially due to the
action of the waveband between 290 and 320 nm(1)(the
so-called erythemal spectrum, with a maximum at
296.7 nm) (Coon, 1965). The same wavelengths stimu-
late the dispersion of melanin granules along the
dendrites (Jung, 1975), which nouw appear enhanced as
they are fully packed with the newly-formed melano-
somes. Darkening of previously existing granules
(the so-called IPD, immediate pigment darkening)
must also be reckoned with (Fitzpatrick & Szabéd, 1959;
Blum, 1961; Pathak, 1967), since wavelengths between

300 and 700 nm (especially between 360 and 560 nmz )
2

are capable of darkening bleached reduced melanin .

There are interracial and interregional (in the same
individual) differences in the capacity of skin to
react to UV radiation (Szabd, 1967)., After irradie«
ation is finished, the size of the melanccyte popu-

lation reverted to its original condition, which has

Melanogenesis and migration of melanosomes appear pre-
ceded by an erythemal response ('sunburn'), whose ac-
tion spectra appear to be identical toc those of mela-
nogenesis and increased pigmentation: 1) wavelengths
shorter than 260 nm, 2) between 290 and 320 nm, 3)
wavelengths longer than 320 nm, Wavelengths below 290
nm are filtered out by the earth®s atmosphere. The
optimal erythemogenic range extends between 290- and
320 nm, but melanocgenesis can even be praovoked by

long UV radiation and visible radiation (Pathak, 1967).

IFD is an ephimerous process, hardly detectable by
the naked eye three hours (24 hours in the most per-
sistent cases) after the end of irradiation. It starts
immediately after exposure and, contrarily to melano-
genesis, may take place without previous erythema, It
is believed to be due to redistribution (in a more
obvious perinuclear halo) and change of optical den-
sity of the melanosomes within the Malpighian cells,
apparently without change in the melanocyte count and
without melanosome transfer from any melanocytes
(Pathak, 1967).




‘lead Szabd (1967) to suggest that the increment
might just be the epidermis' emergency (acute) re-
action to an unusually intensive exposure to radi-
ation, while chronically exposed skins would not
present it.

Although the aforementioned factors are respon-=
sible for some of the normal and abnormal pigmentary
processes they can not account for the hyperpigmen-
tation observed in the endocrine disorders accompany-
ing for instance hyperthyroidism, tumours of the
pituitary gland or Addison's disease, or accompany-
ing chronic illnesses such as malnutrition and
 tuberculosis. In all these cases a hormone, MSH
(melanin stimulating hormone), is suspected as the
key for the skin's darkening. For the most part, the
~information concerning the impact of secretion from
the endocrine glands on melanin pigmentation has
been obtained from experiments with animals or from
research on pathological pigmentary states. Among
marine animals it has been observed that the adition
of MSH provokes dispersal of melanin granules, from
around the nucleus, towards the periphery. They be-
come uniformly distributed and the melanocyte be-
comes opaque, On the other hand, addition of mela-
tonin reverses the process and most of the melano-
-dyte turns transparent. Physical factors such as pH
milieu, ionic concentration and changes in tempera-
ture can also start the movement of melanosomes.
Oxygen (and a change in consistency, from gel to sol)
is required for the dispérsal move, but not for ag-
gregation (Lerner & Case, 1959). Many other hormonal
substances are now known to produce similar effects
of dispersal and aggregation on melanin granules of
sea animals, batracians (table I.2-1) and mammals.
Unfortunately, the results obtained from animal ex-
periments can not always be extrapolated to man,

In bumans, the adrenal glands influence (via
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.hydrocortisone) the pituitary’s activity, regulating
the amounts of «- and p-MSH released by the pituitary.
These two peptids (especially the most active, « )
have been shown to cause darkening of the skin by in-
creased production and dispersion of melanin granules
(fig, I1.2-8). The role of ACTH (also released by the
pituitary, 1 % of o <MSH's activity), although not
clear, is probably similar (Snell, 1967). Thus, when
both adrenals are removed in man hyperpigmentation
results, which can be prevented by adminstration of
hydrocortisone (an inhibitor of the release of ACTH
and MSH)._In a similar way, the hyperpigmentation of
patients with Addison's disease can be diminished by
injecting cortisone or hydrocortisone. Mesantoin is
another substance which; when administered orally,
produces in man the same kind of effect as in frogs.

Minimum effective concentration in micrograms Faclors Regulating the AMovemen! of Melanin

per 20 ml. solution required lo initiate lightering Granules in Frog Melanocyles

;';sj;')g aLm.7 preciously d_rxrkermf b}/ $0 unils Dispersing Agregating
' ) a- and 8-MSH Melatonin
Melatonin. .............coail S X 10 ACTH Noradrenalie
Noradrenaline. .................. 3 Caffeine Adrenaline
Acetylcholine RERERTRERD P 3 Marsilid Acetylcholine
Triiodofhyromne ............ ... 60 Apresoline Triiodothyronioe
Serotonin............... ... 150 Mesantoin Serotonin

Progesterone Diamox

Table I1,2-1, Pactors influencing the movement of melanosomes
in the melanocytes of the frog. (Arter Lerner & Case, 1959).

The effects of other glands’ secretion - mela-
tonin (pineal), thyroxine (thyroid) and testosterone
(male gonadal glands) - although observed to -provoke
lightening of the skin in certain animals (the two
first substances) versus occasional darkening in man
(the last one), have failed %o give conclusive results
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appliable to man, Estrogene and progesterone (se~- -
creted by the female gonadal glends) also increase
melanogenesis - the latter, seemingly, only when
applied in small doses, the effect being the dpposite
in big doses. The effect here is direct and exerted
only upon the skin of the genitalia and the areolsr
region, presumably by directly increasing the meta-
bolic activity of the keratinocytes which, in turn,
would stimulate the melanocytes. The increased pig-
mentation (melanogenic and vascular in origin) of
nipples and areolae, genitalia, facial skin and the
internal abdominal wall accompanying pregnancy is
also probably due to intensified secretion of the
female sex hormones (Snell, 1967).

The way in which the migration of melanosomes is
initiated in the melanocytes is not exactly known.
Perhaps (Lerner & Case, 1959) the hormones somehow
predispose the cell membrane for the transfer of
certain ions, which could then start the reactions

necessary for the movement of melanosomes.

PITUITARY )i - =D PINEAL
f R HYDQ

DRENAL

TESTIS

Pig. 1.2-8. The effects of hormonal secreiions in buman mela-
nin rigmertation. (After Snell, 1967).




Summary

In this section current knowledge about the
genesis and kinetics of pigment-containing cells,
as well as about their functions in the epidermis,

has been reviswed, and the role of the internal and

-the extermal environment in starting, accelerating

and arresting the normal processes. of pigment fors.
mation and dis“ribution throughout the epidermis

has been layed out,
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I.3,

The reflection power of ths skin and the nature of

human skin colour,

vaery single substance present within the struc-
ture of the skin has at each wavelength its own
characteristic reflection factor with which it con-
tributes to the total reflection figure. The granu-
lar character and discontinuity of the skin is the
source of multiple reflection and refraction, with
the subsequént scattering of the impinging rays of
light according to wavelength. Whenever a ray of
light leaves an optical medium to enter another one,
a part of the energy is reflected and the rest is
transmitted forward along a modified path (refrac-
tion). Along the way, the refracted light suffers
absorption and, when it leaves that medium, reflec-
tion and refraction are applied again to a ray of
light which has lost part of its energy along the
way. A composite beam of light becomes unfolded into

its components, as each of them is refracted along a

different path depending on its wavelength,

The kerato-hyaline and melanin granules, the cel-
lular and nuclear membranes of the non-keratinized
cells and the surface of these in the horny layer
provide plenty of optically discontinuous surfaces
for scattering the light rays., The stratum corneum
is an efficient absorber of light, especially at
wavelengths shorter than 320 nm. Apart from kera-
tines, the major biosynthetic product of epidermal
cells and the main absorber, other components = such
as histidine, urocanic acid, cholesterol, phospho-
lipids and small peptides:- - alsc absorb radiation in
the 260-290 nm waveband, In the stratum germinativum,

the nuclebproteins of the nucleated cells also con-

“tribute significantly to absorption at 260 nm, while

-as it will be shown- the absorption of UV, visible
and even infrared by melanosomes is of profound rel-

evance for protection of the skin.
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Since all radiation below the 290 nm is orac-
tically suppressed by the atmospheric ozane (03)
shield and by the particles and water droplets
present in the atmosphere, they exert no selective
influence on the shape of the refelectance spectrum
of human skin, However, the skin of humans is en-
cdowed with high reflectance variability in the
region between roughly 300 and 1200 nm, while beyond
those borders there is practically no interindivid-
ual variation in reflectance., Below 300 nm it was
found by Jacquez et al. (1955) that reflectance
readings in individuals of Japanese, Negro and White
ancestry varied between 6 and 8 (fig. I.3-1), of which
between 10 and 20 per cent was the contribution of
fluorescence of the skin (a comparatively frequent
condition; especially at certain wavelengths), and
the rest was mostly due to light reflected and scat-
tered from the topmost layers of the skin (1). The
fluorescent wavelengths which make some contribution
to the readings lie in the range 290-400 nm. Thus,
although they slightly extend into the range of vis-
ible light, their effect beyond the 300 nm border is
negligible. Above 1200 nm the refectance of human
skin is primarily that of a scattering component
mixed with water (Jacquez et al., 1956), while the
5-6 per cent reflectance remaining beyond 1900 nm
may represent Fresnel reflection at the skin’s
surface.

- The variability in reflectance within the 300-

1200 nm range depends directly on the nature and

It used to be thought (Jacquez & Kuppenheim, 1954)
that practically all radiation between 235 and 300
nm which penetrates deeper than the very top layers
is absorbed, however, Pathak (1967) has experimen-
tally proved that between 5 and 15 per cent of the
incoming wavelengths shorter than 320 nm (especially
those at 240-260 and 300 nm) pass through the epi-
dermis into the dermal papillae in 'white' unex-
posed epidermis.
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"the concentration of the substances found by the>
light in its path and on their distance from the
surface, The two last factors vary not only inter-
individually but also regionally (within the same
individual) and between sexes., Melanin, for instance,
is richer in the forehead, the areolae and external
genital regions; it is also more abundant in the
skin of men, and its concentration in tHe skin
presents wide variability between races, Blood
vessels run closer to the surface in certain parts
of the body, and there are individual variations
in skin blood flow and blood content (Jacquez et -al.,
1955). Keratin and water are also unevenly distri-
buted., In addition, the thicknessAoF the dermis is
greater among males than among females, and there
are interfacial differences in the thickness of both
epidermis and stratum corneum (Munro, 1967) = which,
in turn, influences the total amount of keratin
present in the skin., Carotene-containing subcuta-
neous fat is more abundant among females and it has
an uneven distribution, which differs between the
sexes and between races, Certain constituents of the
blood plasma - such as oxy-haemoglobin, only an acci-
dental impurity, bilirubin and carotenoids - are also
detectable in varying proportions and contribute to
ité colour, Some components of the human diet (caro-
tene, xantophills, luteins, etc.,) can also, under
conditions of sufficiently high dietary intake,
become noticeable in the reflectance curve (fig.
I1.3-2e), The origins of all this variability are
very diverse., State of health and dietary habits
(environment, s.l. : habitat and culture) are’im-
portant for some substances, while for others -
melanin, blood flow and thickness of the stratum
corneum, for instance - genetic (in combination with
environment) is known to have a role.

The following data on the reflectance character-




62

L | L L 1 1 k] | ) i | L ] |
‘ . CAVMEMOGLOBN AKD THE REDUCED MEMOCTOSN FORMED
ol WELAXDE: TWO DXFFERENT CONCENTRATIONS NN §% KON _ e TTON T BY THE ADOFTION OF BOCAAI RTROSLITTE _

! 1 ] ’
[ 063 3 3 éloi 00 ‘E’o " = 300 (] o 0 .a% glo o
( WAVELINCTN B0 MLLHICROWS WAVELINGTN W MnLswccRONs R
3} The transmission of melanin in 5 KOH solution. The lower curve is of a more (b) The transmission of oxy- aod redured hemoglobin as seer in grestly diluted
w'ne_entnud solution of melanin producicg greater absorption and therefore less trans- bemolyzed blood. Of the oxy-bemoglobin bands, only those st 545 and 578 ma are sharply
mission than the weaker cnncentration. There is po demareated baod, but ratber a gradu- demarcated in readionga of the skin, altbough that st @17 may also be seen. The reading of
ally increasing absorption from the red end of the spectrum at 600 mw inta the ultraviolet. reduced bemoglobin is abridged by virtue of the added absorption of l.be sodium bypo-

sulphate. In olhfr determinations we have observed additions! absorptico bands for re-
duced l?emoglnbm at 260 my, with a ficxion point in the eurre shout 335 ma (sce fg. 6).
Io readings of the skin the baud at 565 mu may be clearly seen, that at 431 somewhat les

distinetly. .
bt ¥ . 1 14 K 1 1 LB 1 I 1 L i i |
VITAMIN A (SYNTRESIZED): TWO CARCTENE (303 4,001 «): TWO
CONCENTRATIONS IN ASSOLUTE ALCOMOL . o CONCENTRATIGNS ¥ PETROLEUM ETHER [P -

@O000W6 S 'Hl/“

0000132 s WIT. &
. /u.m -

Or— -
o ! § | i | 1 !
3 300 0 %00 0 () =0 =]
WAVELEINGTM M MILLIWCAONS WRYDLLASTN B MTLLANTRONS
(¢} Thet iasion of vitamin A i alecohol. The charseteristic sbsorption band (d) The transmission of carotene in petroleum ether. The cbararteristic absorptioa

bands are indicated. Only the band at 455 mx, which ahifts to 452 io the skio, ean be identi-
Sied ip the curves of tha living subject. .

is seen at 326 ma.-This is shifted 1 mu from its usuyal location at 325, perbaps becsuse of
the source of this particular sample. The significance of the fine structare between 255
and 270 ma has not been determined.

I l L | ] | [}

MNUMAN 8LO0D PLASMA g

£ E % P
- 2 i
e R
5 i -t ! : |
§‘°_ 3 g a H
H i i ' '
£ H 3 £

w— | D -

¢ 400 * -0 800 50 [
WAVELENGTH S MILLIMCROMS

(e ) The transmission of diluted blood plasma. The curve on the left represents &
groater dilution of the same sample aa that used oo the right. The absorption of various
sonstituents is indicated. :

Pig. 1.3-2. Transmission curves and absorption bands of different
substances normelly present in human skin, as tested im vitro.
(After Edwards et al., 1951).

At the dilution used for the reduced haemoglobin, the transmission
falls to sero below 370 mm. This is due to strong sbsorption ov UV
1ight by Bap550,; itself.




istics of the‘most important contributors among the

and the subcutaneous tissue)
have been extracted et al,
work (1951), slightly modified by the results from

constituents of the skin

from Eduyards classical

recent investigations,

Melanin®s absorption power increases steadily from
IR into UV with decreasing wavelength, without any
characteristic maxima outside the infrared region
(Fig. I.3-2a). In the infrared it presents maximal
absorption at 3000 and 4000 nm, Melanin seems to be
the main contributor not only to reflection in gen-
eral but even to colour, since its presence masks the
absorption bands of other pigments in both the vis-
ible and the UV ranges, especially among heavily pig-

mented individuals (fig. I.3-3).
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Fig. I.3-3. Melanin and the 8¥%in colour of different races.
The region of the buttocks was selected as one least affected
by environmental factors. In the darker subjects the larger
quantity of melanin obscures the characteristics of other
substances. (After Edwards et al., 1951).

!
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The presence of a flattening of the skin reflec-
tance curves in the vicinity of 400 nm and into the
UV region has been interpreted as the effect of an-

other pigment named melanoid by Edwards and his
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collaborators (1951) to emphasize its character as a
melanin derivative 1). Its absorption power in the
region around 400 nm seems to be much greater than
that of melanin in this zone., Its initial appearance
seems to depend on the formation and subsequent
degeneration of considerable amounts of melanin
(Edwards & Duntley, 1939), increasing for some time
after the rate of production of new melanin decreases
and, finally, becoming undetectable after the dis-
appearance of most of the mother substance (Fig.
1.3-4).
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Pig. I.3-4. Spectrophotometric curves of the ghiin after a
single exposure to surlight. Hyperemia (oxyhemoglobin) is
maximal at 11 hours, melarin at 19 daye and melancid at 4
months. Blood stagnation, as registered by reduced hemo-
glotir, persists fror the tire of the early disarpearance
of hyperexia for over rine months.

(After Edwards & Duntley, 1939).

For oxy-haemoglobin and reduced haemoglobin (fig.
1.3-2b), Edwards et al. found several absorption
bands, slightly shifted in position with respect to

Buckley and Grum (1964) mean to have shown mathemat-
ically that no such pigment is present in the epi-
dermis., Whether melanoid is really another pigment
or just reduced melanin is, however, of little prac-
tical concern here.




(1)

65

those previously found with a Hardy spectrophoto-
meter, at wavelengths 578 (d-absorption band), 548
(p-absorption band), 417 (3-absorption band) (VL)
and 350, 280 (UVL) for oxy-haemoglobin, and at 565,
431 (VL) and 335, 260 (UVL) for reduced haemoglobin.
The proportions of both kinds of haemoglobins in
hqman blood are not constant. They depend on the
location of the blood vessels, Those lying more
superficially, further away from the main blood
stream and its driving motor (the left half of the
heart) are richer in reduced haemoglobin (venous
blood) than the others, which are richer in oxy--
haemoglobin (arterial blood). UV radiation, houwever,
provokes the dilation of the cutaneous blood vessels,
and the coming of more oxygenated blood to them,
displaces the equilibrium to the oxy-haemoglobinic
side (a slowly receding condition named hyperemia)
(Edwards & Duntley, 1939) (1).

Vitamin A was the only material, among those
identified by Edwards ahd his collaborators, without
absorption in the visible range. It presents an ab-
sorption band at 325 nm (fig. I.3-2c).

Carotene (> andp ), present in subcutaneous fat,

presentsabsbfption bands at 518 and 524 nm, very

‘weak both of them, 482, 455 and others less easily
~detectable (fig. I.3-2d). Heilmeyer (cited in Ed-

wards et al,, 1951) attributed to carotene an ex-

tended area of absorption between 420 and 520 nm.

- Occasional fluctuations in the content of carotene

have not been found to be related to UV irradiation

(Edwards & Duntley, 1939), -
Bilirubin has its characteristic absorption bands

at 460 nm (VL) and in the region below 300 nm (UVL),

At a higher dose - while further overall increase
can be observed - Ramsay and Challoner (1976) ob-
served decreased flow in the most superficial
vessels, which they attributed to stasis, perhaps
secondary to vascular damage.
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Three absorption bands probably due to the pres-
ence of water were found within the infrared region
--near 980, 845 and 760 nm. The two last minima
become progressively masked with increasing pigmen-
tation, while the first one is only slightly in-
fluenced by it (fig. I.3-5a).

Proteins of the stratum corneum, mainly keratin,
have an absorption band between 260 and 290 nm
(Pathak, 1967). As a whole, the horny layer absorbs
UV light very efficiently, particularly that of
wavelengths below 300 nm (fig. I.3-6a). Figure I1.3-6
shows also, for comparison with Pathak’s curves, the
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ref lectance curve of a small amount of brownish
coloured commercial keratin sprinkled on a block
of Mg CO3 anc covered with a quartz plata.

Between 380 and 770 nm approximately the average
human eye perceives the colour resulting from the
optical integration of all light reflected by these
substances., By large, the sensation of colour is due
to the combined effect of a few substances present
in the skin as either constituents of the skin struc-
ture proper or as intrusions as a result of per-
fusion from the cutaneous blood vessels. Their
relative importance is not the same at all wave-
lengths, since the magnitude of the reflection
factor varies with wavelength,

The most significant contributors -apart from
melanin'(impoftant along the whole spectrum of VL)

- and haemoglobin (important at the blue and, espec-
ially, the green regions)- are melanoid (very im-
Vportant, although transitory in character, at the
vicinity of 400 nm) and carotene (important partic-
ulérly at 482 nm, perhaps underlying the whole
blue-green region). The two last constituents are
the least important. Although the existence of
_interracial variability in the thickness of the.
keratin-containing stratum cormeum (Munro, 1967),
and.ﬁhat diversity’s concomitant function of pro-
‘tection against UV radiation grow increasingly
harder to refute, no colourant role is normally
aésigned to keratin. In the 60°s, however, Coon
(1965) and Loomis (1967) proposed that the yellowish
tint of many mongoloid skins was due to a keratin-
'enrichened stratum corneum, which played a protec-
tive role. Indeed, a protective role does not ne-
cessarily imply a significant colourant role, and
keratin’s colourant function was severely criticized
later by Daniels (Daniels et al.,, 1972), who argued
that the skins of vitiliginous or albino patients of

all races are 'white' and not 'yellouw'. Unfortunately,
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Munro®s experiment did not include any Mongoloids.
Summarily, it may be said that the colour of a
skin depends on the proportions'in which the three
main regions of the spectrum of VL are represented
in its reflectance curve, as much as on the absolute
values of its reflectance readings. If, for instance,
the long-wavelength region (590-770 nm) appears
greatly enhanced with respect to the other two the
skin will have a reddish tint, while comparatively
high reflectance readings in the central or the
short wavelength (380-500 nm) regions will add to
the skin yellowish or bluish tones respectively, - In
addition, ébsolute and relative enhancement of the
green-yellow-orange zone will confer to the skin a
light, brilliant, character, since this region is

endowed with maximal luminous power (fig. I.1-2).
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Pathak, 1967, end Jacquez et al., 1956).
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These facts notwithstanding, the dominant wave-

length of human skin is red: Wassermann (1971), in

an experiment conducted among Bantu, Cape Coloured

and Southafrican Whites, has proved that the dominant

wavelength for human skin colour lies between 595 and

710 nm, i.e. between orange-red and red, independent

of

the degree of darknmess or lightness of the indi-

vidual,

The nature and bands of absorption of the con;

stituents of the skin and its relative importance in

the genesis of skin colour has been indicated. In

order to summarise the most important facts, they can

be
1.

2,

3

organized in the following manner.,

The penetration power of the different wavelengths
varies across the spectrum. This has important
physiological and chromatic effects.

From the vicinity of 300 nm, total reflectance
increases (absorption decreases) until a maximum
is reached between 720 and 820 nm, among the
lightest white skins, or even further away (900
nm and beyond, among heavily pigmented Negfoe
skins).

The rise in reflectance is not steady. In light
skins three major oscillations -due to the ab-
sorption bands of haemoglobin- and several minor
undulations are visible:

In spite of the masking effect of the melanin,
the« , 3 and 5§ absorption bands of haemoglobin
(578, 548 and 417 nm, respectively) are notice-
able in the reflectance curve (fig. I.3-2b).
Rlso visible are those of vitamin A and beta
carotene (at 325 and 482 nm, respectively), as
well as those of water (at 760, 845 and 980,

respectively).
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‘carotene make their presence felt in the form of

70

Increasing conéentratiohs of melanin can, among
Blacks, lead to the practical disappearance cof
all these bands except for the o and f» haemo-
globin bands (reduced to one) and the 980 nm
water band.

Beyond 1200 nm and below 320 nm all races present
practically identical reflectance curves (fig.
I,3-1). At 1200 nm and beyond the profile of the
curves is dominated by the absorption bands of
water. Below 320 fluorescence of the skin and ab-
sorption mainly by the proteins of the skin are
the dominant factors.

When passing from the normal to the hyperemic
condition, the «, p and & haemoglobin absorption
bands become accentuated. On the contrary, passing
into the reduced condition implies convergence of
the « and p bands into one at 565 nm shifting of
towards longer wavelengths.

The dominance of melanin is complete in the red
region of the spectrum,. Outside that zone, al=-
though still the most important contributor to
refelection between 320 and 1200 nm, its impor-

tance is by no means undisputed. Haemoglobin and

localized absorption bands, which in the case of
haemoglobin only become completely masked in ex-
tremely pigmented individuals. During a prolonged
period after exposure to UV radiation, melanoid

also becomes transitorily important inm the vicin-

ity of 400 nm.




I.LI'.

The meaning of pigmentary diversity.

The idea of relating skin colour diversity among
humans to wvariation in the intensity and composition
of sunlight seems natural, to laymen and anthropol-

ogists alike, when observing the effects of irradia-

‘tion on the skin after a bright summer day and, par-

ticularly, since a certain rule of Gloger - formulated
in related terms - exists in the field of zoclogy.
According to this, mammals and birds inhabiting warm
and humid regions are expected to be darker than races
of . the same species living in cooler and drier regions.,
A thorough presentation of the subject would demand
an exposition of 1) the way in which the structure and
intensity of sunlight varies with environment, 2) the
body’s reaction to sunlight, 3) the extent to which
colour diversity can be ekplained by the two first
logical steps, and 4) considering alternative non-
actinic mechanisms which may act in substitution of
or complementary to those already proposed., for the
sake of flexibility, and considering the natural
limitations imposed by the character of this work,
neither rigid adherence to any exposition order nor

thorough presentation will be attempted here.

The extension and regions of the ﬁuil spectrum of

' electromagnetic radiation has already been exposed

elsewhere, It should be added that all radiation

below 286-290 nm, excepting that produced in arti-

ficial sources, is efficiently prevented by the at-

mosphere From reaching the surface of the earth

(fige I+4=1). The amount and distribution of energy

of the solar radiation received at the surface varies

widely from place to place owing to the influence of

a series of factors: ‘

1) The solar zenith angle (depending on the latitude,
time of day and season), determinating greater or
lesser perpendicularity of the solar days. Greater

perpendicularity implies lesser skin area directly
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exposed, but also less absorption, reflection and
scattering of sunlight (fig. I.4-2),

2) Altitude, linearly related to atmospheric pres-
sure, Elevation above sea level means decreased
reflection, absorption and scattering.

WAVELERG TR, 5 i
N RN W A I SrecTRAL DsTRIBUTION OF SUNLIGHT AT THE
§_ Sumeacz or THE EartH (after Moon, [941). Curve 1,
with sun at zenith. Curve 2, with sun at 60° (four
bours) from zesith. V, specral limits of human
) vision. E, spectral limits (within sunlight) for sunburn,
A TR OF SUNLIGNT antirachitic action and cancer induction.
e
i+
z
=
g_
L B e o B Rl

Pig. I.4-1,

(after Flum, 1961). B R

) ——

F I

WYy e
TOTAL SURmLIGNT

Map of the distribution of brown skin color (After Fleurc, 1945)

On the left, distribution of total sunlight with latitude. E, at equinox; S, at summer solsticc; W, at
winter solstice. On the right, distribution of sunburning radiation (wavelength shorter than 0.324) with
lattude. E, at equinox; S, at summer solstice; W, at winter solstice. The curves on the right and left are
based oo values from Moon (1941). Note that the curves for summer and winter solstices are distorted
by the Mercator projection. These curves, based on light incident upon a surface normal to the sun's
rays, peglect scattering from the sky, which may be very.important in the case of the sunburning radia-
tion, and also meglect geometrical relationships of the human body profile with respect to the radiant
enviroament. They are thus to be considered only as rough guides. .

3)

Composition and structure of the atmosphere: cloud-
iness, precipitation and haze, smoke, dust and fog,
relativé concentrations of different gases and
density of the air, heat, wind and humidity. Heat,
wind and humidity have an adverse effect on UV
injuries by lowering the erythematic threshold

of radiation. Increased figures of all others

mean greater absorption, reflection and scattering.

The gases are not equally effective in all regions

of the spectrum and the albedo (reflectance capacity)
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(2)

of clouds is very varied (1).
4) Underlaying surface reflectivity. As important as
the incoming radiation is at times the radiation

leaving the surface. Sunlight reflected from the

Pig. 1.4-2, Surface area of direct sunlight exposure and a
standing man facing the sun at different solar elevations.
(after Jung, 1975).

" soil or from a water surface can have a tanning
effect and even contribute to the genesis of skin
cancer (2).

5) Thickness ot ozone layer. Ozone (03), the most
important absorbing agent, shows important dif-

ferences in thickness all around the globe, apart

- UV radiation is reduced by ozone. VL is filtered by

water vapour and, particularly, by oxygen. IR is fil-
tered by carbon dioxide and water vapour.

Clouds have an average albedo of 50 per cent, but
actually vary between a small percentage and 90 per
cent (Drummond, 1958).

Grass, although greatly dependent of its general
state, shows an average albedo of 20 to 25 per cent,
In general, the highest albedos are those of freshly
fallen snow and the lowest are those of water sur-
faces., Large water surfaces can, however, possess

~high reflectance indices when the sun approaches the

line of the horizon (Drummond, 1958).

73




(1)

ifrom seasonal changes., Situated between 20 and 40
km high, the layer is thinner at the eguator and
thicker at the poles, a difference which is max-
imised by the increasing obliquity <meaning in-
creasing length) of the path travelled by the sun
rays away from the eguatorial band between the

tropics (1).

Exposure of human skin to sunlight has, in section
I.2, been shown to provoke primary melanization (pig-
mentation) with erythema and immediate darkening of

preformed pigment (IPD), with preference in the re-

" gions of short UV and long UV radiators respect-

ively, The first process has a relatively late ap-
pearance and lasts for months, while the second one
is extremely ephimerous and appears without delay.

In practice, however, there is ample overlap in wave-

length between both processes, since the first one

~is also initiated in pigmented (non-white) skins by

radiation above the 320 nm border, while the second
one is also evoked =--although less efficiently-- by
radiation between 300 and 320 nm.

The erythematic response (reddening of the skin),
which always accompanies pigmentation (but not neces-
sarily IPD), is associated to an enlargement of the
arterioles and venules of the corium., This reflects
2) and in
the proportion of circulating oxy-haemoglobin (3)
(hyperemia) (Edwards & Duntley, 1939)., At the same

an incréase in the Flow of arterial blood

When the sun passes above the equator, its atmospheric
path to the southern parts of Scotland and Sweden is
1.5 times the corresponding path to the equator, but
only 0.75 times its path to the poles (Coon, 1965).

Detectable by the lowered position of the reflectance
curve in the blue and green regions.

Revealed by the pronounced twin absorption bands of
oxy-haemoglobin,
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time, there is an ascent of skin temperature closely
followed by a corresponding increase in pulse rate,
together with extension of the erythema beyond the
irradiated area (Ramsay & Challoner, 1976)., Asso-
ciated to all these changes, Thomson (1951) observed
diminished sweating rate, which he attributed to
blockage of the sweating gland ducts (detectable'by
the presence of vesicular rash) and to reduced sweat
secretion (brought about, it was suggested, by toxins
diffused from the injured epidermis). With increasing
dosis of 300 nm radiation, Ramsay and Challoner ob-
served that a certain bluish tinge developed, in com=
bination with marked fall of blocod flow in the super-
ficial dermis and an increase in the total dermic
blood flow. This condition was tentatively explained
as due to stasis in the superficial vessels (pre-
sumably secondary to vascular damage)(1). After
reaching a maximum the hyperemic condition enters

a long-lasting recession, which implies diminished
blood Flow (2
balance towards the reduced side (3). Lagging the

start of the hyperemic condition, pigmentation takes

and displacement of the haemoglobinic

always place whenever the epidermal cells have not

been severely damaged by UV radiation (a), but in

For many years it has been accepted wiyhout experimental
pro f that the release of a vasoactive material and its
diffusion to the dermis was responsible for the dilata-

tion of its blood vessels (Lewis, 1927). However, Pathak’s

findings (Pathak, 1967) that between 5 and 15 per cent

of wavelengths below 320 nm reach the dermal papillae,

re-actualize again Finsen’s hypothesis (1899) on direct
action of UV radiation on the vessels.

Revealed by increased reflectance in the region of the
twin bands (the green region).

Reflected in the blunting of the two twin bands.

The whole sequence of events, as uncovered by the changes
in the reflectance curve, is dealt with in section IV.1.
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severely injured skin (sunburn) melanogenesis may be
poor and pighentation not markedly visible,

At the level of the biomolecule the events are
initiated with the absorption by the electrons of the
energy brought by incoming photons. When, afterwards,
this energy is released again it can provoke chemi-
'cal reactions at the biomolecule itself (normally in
its DNA) or at adjacent sites (Jung, 1975). About 70
per cent of these DNA alterations are identifiable
as cyclobutine dimers between adjacent thymines at
the same DNA strand, and they interfere with the
DNA‘s elementary functions (replication and trans-
lation). As a first consequence, epidermal replica-
tion stops and the metabolic role of the keratino-
cytes is disturbed (resulting in swelling of the
cytoplasm and aberrant keratinization). Efythema has
progressed to sunburn which, when chronically re-
peated, propitiates the appearance of skin cancer.
Three altefnative paths for disposal of the incoming
energy involve, however, the participation of mel-
anin in a protective role. These are: 1) light scat-
tering, involving attenuation of the impinging radi-
ation by multiple reflection and dispersion of the
light rays in the melanosomes, 2) cynematic absorp-
tion of radiant energy and its subsequent dissipa-
tion as less harmful heat, and 3) generation of free
radicals and oxidation by absorption of incming en-
ergy at the surface of the melanosomes. Pathak (1967)
found evidence of at least two different free rad-
icals: one in melanin, generated by short and long
UV and by VL radiation, and the other in the epi-
dermal proteins (primarily keratin), originated by
short wave UV radiation, - -

The main function of the melanosomes seems to be
that of protecting the melanocytes and the keratino-
cytes (around whose nuclei, especially the keratino-

cytes’ nuclei, they are arranged), but also other




(next page)

dermic structures such as sweat glands and blood ves-
sels obtain benefit from their screening action. Pro-
tection is exerted by absorbing the incoming photons,
but also by acting as radical guenchers and preventing
the first undesired chemical events from happening,
and - if the damage occurs - by removing the harmful
UV-induced dimers or by photo-reactivation and post-
replicational repair, allowing the epidermis to re-
gain its full integrity. If, however, these repair
processes are overcharged, they become unable of re-
generating the damaged ONA, initial erythema pro-
gresses to sunburn and, eventually, after a variable

length of time, to skin cancer.

Althohgh the connection between sunburn and UV-
radiation was already known by the middle of the
19th century, it was not until the beginning of this
century that Finsen (1900) demonstrated that the skin
of Europeans reacted to exposure to ultraviolet rays
by producing pigment, which led him to conclude that
melanin protected against those rays by absorbing
them superficially. It was shown later by Eduwards and
Duntley (19513 1939) that five different substances
are the main responsible for the colour of the skin
- melanin, melanoid, carotene and the two haemo-
globins - and that, in a white subject, a single ex-
posure to sunlight is capable of provoking long-
lasting hyperemia and changes in the concentrations
of melanin and melanoid (ephimerous the last one),
but that there were no alterations in the proportion
of carotene which could be definitively related to
irradiation. Several scholars (Thomson, 1951; Lee &
Lasker, 1959) found that much higher dosis of radia=-
tion are required in Blacks and Mongoloids to pro-
duce erythema than among Whites (1), the order being:
Blacks > Mongoloids > Whites, Thomson found also that

no significant alteration in sweating rate was pro-




(1)

78

duced in black skin by dosis of radiation which pro-
voked a marked reduction in white skin.

The sequel of relatively minor physical impair-
ments following erythema among the ill-adapted (re-
duced sweating rate, feber, thermical shock and col-
lapse; or excessive prespiration -if sensitivized-
rash, dihydration, cramps and collapse), although
rarely leading to death, are likely to have had a
selective impact on our ancestors’ capacity to raise
up a family by interfering with their activities as
food producers and hunter-gatherers, The factor pro-
posed as the main selective agent is, however, cancer
of the skin. Piers (1948) and Schrire (1958) have ex-
plained the normal and abnormal reactions of skin
after chronic exposure to intensive sunlight. While
the brunette White reacts to over-exposure by tanning,
the pale White fails to tan. Instead, he turns red
and develops blisters. Thickening of the exposed areas
of the skin (acanthosis) and development of patchy,
brownish pigmentation takes place over the years,
faking the tanning process, followed by roughening
ahd dryness of the skin (keratosis). Some skins start
developing ulcers, which after some time emerge as
fully evolved malignant neoplasms. Schrire reports on
numerous cases of rodent ulcer and epithelioma of the
lip (the two most common forms of facial skin cancer)
as being much more frequent among whites (especially
of blond complexion) than among Cape Coloured (mainly
Indian immigrants), and entirely absent among Bushmen
and Bantu. Similar observations were made by Piers in
Kenya and by medical researchers in Southern United
States and Australia., Since according to uswual medical

.

The disparity of figures for the proportion of different
levels of radiation suggest that the relationship radi-

ation/erythema is not linear. .

Lee & Lasker: Negroes/Whites = 2.2, Mongoloids/Whites =

13+ Thomson (quoting a former work by Hauser & Vahle):

Negroes (1 subject)/Whites = 10,
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data (which come from societies where occcidental
clothing prevails), skin cancer does not seriously
affect patients until generally advanced age (1),

it has been conclﬁded by some that - incidence being
maximal well after the onset of the reproductive
period - the significance of cancer as a selective
agent is null (Blum, 1961; Lequebe, 1977). However,
Schrire says, commenting the albino Bantus’ low in-
cidence of rodent ulcer: "rodent ulcer take many
years to develop in Europeans, and it appears that
the albino Bantu may not live long enough for this
to happen, but dies at a yuothful age from epithe-
lioma of the skin"., The albino Bantu lives in his
childhood and youth in his kraal, unclothed and nat-
ural, where he undergoes the initiatory phases (2).
Among the albino Indians in Cuna (Mc Fadden, 1961)

100 per cent of the children had developed prema-
lignant skin changes by the age of seven. White
children living in the New Guinea highlands also
develop skin cancers before puberty.

Criticism against the role of skin cancer as selec-
tive agent has implicitely assumed that the chrono-
logic distance between the onset of the reproductive
period and death or severe physical deformity have
throughout thousands of years of evolution remained

more or less constant, with the second conveniently

In Schrire’s data only 2 per cent of the cases of rodent
ulcer and 1 per cent of those with epithelioma of the
lip came under medical control under the age of thirty,
Among Piers’ cases of cutaneous cancer (all sorts) 1.96
per cent were under thirty., All cases reported by
Schrire (around 500) were of facial carcinoma, while
95.51 of those reported by Piers were affected on
either the face or the head.

At the respect, it must be mentioned that Thomson

(1951) found the skin of the albino Negro included
in his experiment to be typically European in reflec-
tance values and in transmission of light per unit of

thickness,
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lagging the first. That is not necessarily true. In
addition, the disfigurations which extensively affect
the patients of skin cancer may, at the time of
mating, have already afflicted our tropical fore-
runners, deprived - -as they were - of any protective
occidental clothing. This factor should have severely
limited their chances for reproduction, by subjecting
those afflicted to some sort of negative 'sexual'
selection. If, indeesd, they had not died before, as
the albino Bantus cited by Schrire. In the third
place, the so called 'promoting' factor - decisive

in the development of carcinoma (Schrire, 1958 c) .-
is supposed to be repeated minor trauma, which was

- presumably much more common among our '‘primitive' an-
cestrors than among modern White South Africans or
Kenyans., Thus, - there is abundant ground for advo-
cating for a role.as selective agent for malignant
carcinoma of the skin,

Not many scholars today object to the general
lines of this theory, but it is by no means the only
one attempting to give an explanation of the observed
facts, The correctness of the preceding interpreta-
tion had at an early stage been challenged by Guil-
laume (1926) and Miescher (1930), who believed the
real protective agent to be increased thickness of
the stratum cornmeum, through a mechanism broadly par-
allel to that proposed for melanin, The anthropolog-
ical world became.thus divided in two antagonistic
factions. In an attempt tovput an end to the dispute,
Thomson (1955) found that the stratum corneum of
African Negroes was thicker than that of Europeans,
although not significantly so, and that the trans-
mission of UV light per unit of thicdkness was greater
in whites. He also found that the transmission index
for an albino Black, included in the African group,
was comparable to the European and not to the African,

as were his reflectance values, from all this, he
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logicaily concluded that melanin must be the reason
for the differences between Blacks and Whites. His
conclusions were accepted by Blum (1961), in a mod-
ified form, and integrated in his own theory which
gave the thickness ot the horny layer the main role.
Thomson’s inconclusive results regarding horny layer
ﬁhickness.(1) can be compared with Munro’s (1967),
who found a very high correlation (r=+0.87) betuween
melanin concentration and thicknessAoF the stratum
corneum, even though sample .sizes were small, In ad-
dition, not only corneal but also epidermal thickness
is significantly smaller in Whites, with corneal .
thickness especially varying significantly from
Whites to AFfican Negroes, going through - in this

order - New Guineans, American Negroes and Australian

‘aborigines. Jung (1975) found that by controlled ex-

 posure to UV radiation, a maximum pigmentary stimul-

ation, implying a 10-fold increase of the MED (mini-
mum erythemal dose), can be induced in Caucasians,

mhile émong albinos - .where pigment stimulation can

'Anot take place - the same procedure leads to thick-

ening of the epidermal layers (acanthosis), which can
provide a 4-fold protection., Both effects together
can, in a normal white skin, result in a 40-fold in-
crease of the MED..'A |

It was soon realized that, Black absorbing more
light than White, the presence of deeply pigmented
skins in the tropics planted a problem since, from
the point of view of thermoregulation, at high. en-
vironmental temperatures skin seemed to be at dis-
advantage (1). The problem had, however, been par-
tially over-estimated, as Baker (1958 ) found, in

studying American Blacks and Whites, that Negroes

Thomson himself realized the limitations involved in
his methodology for separation of the horny layer.

They may have affected the results,
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show higher heat tolerance than Whites under hot-
wet (tropical) conditions, while the reverse is
true under exposure to sunlight in hot-dry (des-
ertic) conditions., Baker concluded that Negroes
were capable of dissipating more heat than Whites
without a proportionately greater sweat loss, in-
fering that this must be possible because of higher
skin temperature in Negroes (1). In addition, when
Blacks were protected from the sun, their rectal
temperatures under hot-dry conditions were the same
and even lower than those of Whites.

Thus, a deeply pigmented skin is not needed away
from the tropics, but absence of selective pressure
does not éccdunt for the extremely pale skins Found;
for instance, in northern Europe. How did they come
about? A brilliantly conceived explanation was al-
ready elaborated by Murray in 1934, The same UVB
wavelengths which prbduce'erythema and sunburn
(eventually also cutaneous cancer) generate melanin..
and vitamin D, It is a generalized assumption that,
by irradiation of the skin, 7-dehydrocholesterol
(pro-vitamin DS) --generated from cholesterol present
in the skin and, to a lesser extent, in the blood--
is transformed into vitamin D and a number of other
subproducts.

Although as far back as 1894 Niels Finsen success-

fully utilized concentrated sunlight in destroying

When the surrounding temperature is so high that the
normal processes of heat dissipation (by irradiation,
convection and perspiration) fail to be sufficient
the core temperature of the body can rise so much
over the standard 98.6°F that death can in extreme

cases 0CCUur.

It is seldom mentioned that although more heat is
absorbed by Black skin, it penetrates much deeper in
the skin among Whites (fig. I.2-2), which maximizes
among Blacks the efficiency of convection and irra-
diation.
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‘local cutaneous infections, it was not until the dis-
closure of the role of the UV region of the spectrum
in the cure of rickets that its nutritional role be-
came fully evident, Even if rickets is not normally
a fatal disease, osteomalacia (severe rickets) --by
deforming the female pelvis-- grossly impairs or
even destroys the reproductive capacity. It is old
knowledge that coloured infants living in northern
latitudes are more prone to rickets than white chil-
dren (Abt, 1923). There is a gradual decrease in the
’intensitylof UV radiation away from the eguator,

toward the poles (fig. I.4-1 and 3), Dark skin in its
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natural environment is thought to allow enough vit-
amin D synthesis to cover the needs of normal bone
growth and, at the same time, to protect against
the harmful effects of radiation, The situation

has recently been described as: "“the degree of mel-
anization is regarded as a compromise between vit-

amin D requirements and requirements to protect the
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DNA of the basal cells from mutational damage" (Da-
niels et al., 1972). .

Vitamin D does not seem to be a stable substance,
which might account for the fact that no cases of
hyper-vitaminosis have ever been reported among
Whites living in or near the tropics. However, Osler
and Mc Crae (1920) =-when explaining the so called
functional nervous diseases, especially tropical
neurasthenia (the disorder which most persistently
afflicts White residents of the tropics)- comment
the abnormal calcium salts and phosphates present in
the urine of affected people. This evidences some.
degree of abnormal metabolism of calcium and phos=-
phorus (the véry same elements which vitamin D is to
metabolize into normal tissue). Another disorder,
presumably due to excessive photosynthesis of phos-
phorus and calcium, is artefiosclerosis, alsoc affect-
ing Whites in the tropics. In sub-tropical British
India it was Common say that few continuously resident
white families survived the third generation., Simi-
lar pictures of decaying health come from the white
communities living in the sunniest south Atlantic
seaboards of the U.S., the West Indies and the Phil-
lipines (Murray, 1934), These two hypothesis, melanin
as a protective barrier and vitamin D and rickets,
which actually complement each other, have for many
years been the standard explanation for the variations
in pigmentation. Unfortunately, the situation has to
a great extent become greatly polarized between Blacks

and Whites, with little theoretical and practical re-
-seardh done to explain other populations. Most of
them fit reasonably well in between, partly due to
the difficulty -even impossibility- of quantifying
the environmental variables in order to determine the
expected effect and contrast it against the observed
one. The task is not easy since not only climate but

also factors such as fashion, habits, kind of work




and nutrition - just to name the basic ones - play
an importént role, Unfortunately little or nothing
has been done in this terrain. Modern articles on
skin colour show an amazing lack of ethnographic and
environmental information on the populations under
study. The relevance of the subject can be easily
realized by quoting Edwards and Duntley (1939) who
found that, after a one-hour exposure to the mid-
day August sun, the skin of a normal male adult
(white, judgedAFrom the reflectance readings) had
not returned to its original reflectance readings
nine and a half months later.

As a proof against the validity of the melanin-

vitamin D hypothesis is often advocated the coexist-

ence under closely similar climatic conditions of
populations widely diverging in skin colour: parti-
cularly, the presence of the Australian aborigenes
in their central desert, of the Sudanese Negroes in
their savannahs, black Melanesians in certain cold
and moist islands of the Pacific and of comparativ-
ely pigmented populations all around the arctic
circle.

In practice, heavily pigmented populations in
their Australian desert (really a semi-desert only)
and Sudanese savannah are seldom exposed to extreme
dry-hot conditions equivalent to these of the Yuma
desert, where Bakér's experiment took place., The
available evidence suggests rather that the maximal
pigmentation is required away from the protection of
the jungle’s leafy canopy, or at least in zones
transitional between savannah and forest, as Turn-
bull’s (1963) comment on the Pygmies’ unability to
stand the direct sunlight attests: "on one small
model plantation where the Pymies were being libe-
rated 29 died on one day from sunstroke"., Pygmies
are lighter (reddish-yellow) than forest Negroes,

which, in turn, are lighter than the savannah
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Negroes (1). The deceiving character of the crude
figures for absorption and reflections appears
clearly in Salthouse’s experiment (in Newman, 1961)
who found that two very dark Nilotes actually re-
flected more near infrared from the skin surface
than the one White control, while two dark Bantu
reflected the same as the control. All four black-
skinned subjects absorbed, however, much more near
infrared in the epidermis as a whole, and 2llowed
much less to reach the dermis than the White subject.
Thus, Blacks have a physiological advantage to dis-
pose heat off their skihs. In addition, they appa-
rently possess a greater number of sweat glands (2}
than Whites, and --in the case of Savannah Negroes--
a longilinear‘body form (high surface/volume rate)
which greatly facilitates the dissipation of heat.
Although Australian aborigenes have not been stud -ed
as extensively as African Negroes, increased reflec-
tion of infrared from the surface of the skin and
short penetration of radiation must also be at work
among them, Moreover, the slender, long-limbed com-
plexion typical of desert and savannah duwellers ap-

pear also among the aborigenes, especially those of

In the west African rain forest, Bantu agricultur-
alists live in villages cleared in the jungle, uwhere
temperature is much higher than in the shaded heart
of the forest, which is the home of their only neigh-
bours, the Pygmies,

Incomplete data from Glaser (in Newman, 1961) suggest
that in the majority of bodyly regions, Bantu have
more sweat glands than European Whites, while Thom-
son (1954) failed to confirm the earlier investiga-
tions. However, Kawahata and Sakamoto (in Newman,
1961), in a work with 5800 east Asians (Ainu, Rus-
sians, Japanese and Philipinos), found a marked re-
gression towards more sweat glands in peoples of
warmer climates, plus suggestions that the sueat
gland density is a plastic response to environment,
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(2)

the dry and hot north and western regions.,

A different problem is brought up by the dark in-
habitants of certain Pacific islands --as Tasmania,
the Bougainville islands or the highlands of New
Guinea-- who, in spite of inhabiting a region with
a climate broadly similar to that of southwestern
France and northern Spain, under frequently overcast
skies, are reported to possess a deeply pigmented
skin (1). Although the racial history of southwestern

Oceania is very badly known, it seems that the modern

inhabitants of the region derive at least a consider-
able part of their gene pool from people who begunm
the settlement of the area -from further north- at

a much remoter age than previously thought: 14,000

- 23,000 BC for the New Guinean highlands (Dyer,
1974), for instance. Since The climates of these

(2),

the presence there of those populations becomes even

islands were harsher during late Pleistocene

~more difficult to explain. Protection against UV rad-

iation reflected from water surfaces and ability to
trap calorific energqy from long wave radiation have
been proposed (Coon, 1965) as selective channels,

but neither these nor other mechanisms still to ex-

posed seem either satisfactory or applicable, The

latter is, besides, difficult to conciliate with the

In a climate classified as mesothermal of the humid
variety, and with abundant precipitation at all
seasons (fig.,I.4=-4 ), the dark Guineans of the
eastern highlands had means comparable to Harrison
and Owen’s west Africans (from Liverpool) (19Y64) and
Sunderland‘’s Sudanese of Middle Eastern extraction
21979), while the light Guineans of the same district
the Lufa "red skins") were comparable to Blichi’s
low caste Indians (1957/8) and to Sunderland’s Middle
Eastern subjects from Fezzan (Libya),

For instance, extense zones of Tasmania were glaciated
during the Upper Pleistocene (Coon, 1965).
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Pig. l.4-4b. The distribution of human
axin colour before 1492, (After loomis

1967).
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aforementioned greater efficiency of Blacks to dis-
sipate heat., Perhaps the answer lies with the absence
of strong selection against dark pigmentation under
temperate to subtropical conditions, Presumably,
even among darkly-pigmented primitives, 2xposure of
the total bodily surface to radiation under those
conditions 'is sufficient to provide for their min-
imal vitamin-D requirements, thus depriving natural
selection of its'principal anti-pigmentary weapon,
perhaps the only valid at these latitudes, and al-
lowing the population to keep the dark pigmentation
acquired in its southeast asiatic homeland. It is
intriquing whether the widespread existence in Mel-
anesia of lighter pigmented individuals (Coon, 1965;
Walsh, 1971; Harvey, 1971) may have something to do
with pigmentation having exceeded environmental de-
mands.,

-Among the inhabitants of the far north, along the
arctic cifcle, those of predominantly Caucasoid ori-
gin possess considerable .dosis of blondism of hair
and eyes (Coon, 1939, 1965), and they are dark-
skinned only by comparison with their southwestern
neighbours, the Scandinavians and the Finns. Towards
the east, the Mongoloids - especially Eskimos - are
darker. Murray himself (1934) offered a plausible ex-
planation to this apparent enigma. The diet of Eskimos,
and presumably of other arctic coastal populations as
well, is rich in animal vitamin D which allows them
to retain a relatively dark pigmentation in a radia-
.tion-poor environment. In addition, it may be added
that the intense reverberation of sunlight in ice and
snow fields can burn the skin -and, when chronic,
even lead to cancer of the skin (Coon, 1965)- and,
above all, damage the eyes (eventually producing
blindness), and this puts a premium on pigmented
eyes and skins.,

The two aforementioned hypothesis together explain

actually more than they leave out and the existencs




91

of a few problem populations is not enough reason

to discard any of them, at least as long as we do
not have a more comprehensive and thoroughful inter=-
pretation model. It must not be forgotten either
that everything suggests, as it is often the case,
that in reality more than one adaptive mechanism is
involved: In the next lines we will see some of the
others which have been proposed,

Cowles (1950, 1959) has interpreted Gloger’s rule
as‘Having to do with concealment not with physiolog-
ical adaptations, He points out that while a white
skin easily contrasts against the colour of the
background in the jungle, the bush or the savannah,

a dark skin would have adaptive value while ambushing
for bunt, warfare loot and women, in which primitive
societies must have occasionally indulged. He speci-
fically points out that during the long infancy of
ménkind, approaching an animal prey within arm’s
length or near enough to accurately throw the killing
.weapon must have been of paramount economical im-
portancé for the hunting band and, together with the
advance of technology, progressively reduced the need
of contending with other carnivores for the often de-
composing remains of their kills, thereby diminishing
the freguency of illness and death from food pois-
oning. '

Cryptic colouration is a widely spread phenomenon
among animals and there is no reason for man to be
an exception, but its importance as an evolutive
factor must have rapidly decreased with the intro-
duction of clothing among most human groups. In fact,
because of the relevance of the economic activity in
man and since most animals preyed upon do not possess
colour vision, this mechanism would have more to do
with luminosity of a colour than with hue. Levels of
luminance similar to those of the background being

favourable to man, either as hunter or as prey.




Recently (Daniels et al,, 1972 and Post et al.,
1975) a new intriguing theory has been put forward.
It has been observed during the two World wars, the
Korean war and among troops stationed in Alaska that
Negroes are apparently more susceptible to cold than
Whites. More cases of frozen feet and hands, among
others, were reported and statistically studied
among Senegalese soldiers vs. french soldiers, £thi-
opian tropps vs. Yhite American tropps and Black vs.
White American soldiers., No efforts were spared in
order to avoid bias and subjectivity in making the
observatio s and yet the trend is clear. Additional
support comes from Stray (1943) who reported that
blond recruits were clearly less aFFected'by frost-
bite injuries than brunettes, within the Norwegian
Army, although the difference ‘was not statistically
significant,

In vitro and in vivo experiments and a number of
observations point on the same direction, Taylor
(1949) was first to demonstrate that melanocytes are
more prone to cold injury than the hair follicles
containing them. Depigmentation among Blacks, fol-
lowing frostbite, has often been reported, and in
all races after cryosurgery =-in this case usually
temporary, In the cases of severe frostbite the
. damage inflicted to the melanocytes is apparently
so large that fhey are killed and repigmentation
does not take place. Post et al, (1975) studying
pairs of frozen skin biopsies from black and white
piebald Guinea pigs, found that -whenever differen-
tial injury was shown- it was more intense in pig-
mented than in unpigmented skin. Other investigators
report also that in vials containing clones of B16
melanoma cells, either frozen or cooled, the most
pigmented melanoma cells are aluways less viable. This
interesting theory, together with the vitamin D hypo-
thesis,are of great help explaining the origin. of
the White stock of mankind, specially of its most
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northern branches.

The aftermath of cold injury (paih and sensory
disturbances) can persist for years, and can easily
impair manual dexterity. Following in order of sev-
erity, creepling of the extremities and anaerobic
gangrena (tetanus, normally resulting in death) can
dramatically affect the human reproductive potential
of a small human community. If, as suggested by some
scholars (Brace & Montagu, 1965; Brace, 1970; Hamil-
ton, 1973), man was born in the tropics with a rich-
ly pigmented skin, wandering away from them must
have progressively shifted selective pressure from
an emphasis placed. on protection against UV toward
increased ability for trapping the UV required for
vitamin D production and diminishing their suscep-
tibility to cold, the epidermis of man becoming de-
pigmented along the way,

Another theory of relevance when studying the ori-
gin of Caucasoid depigmented populations has been .
taking form during'at least the last forty years,
Lewis (1942) suggested that the eye of Blacks may
have selective advantages under bright light condi-
tions. More recently, Dodt et al., (1959) =-studying
by electroretinography the spectral sensitivity of
the eye in albinos, normal Caucasoids and Negroes-
found that "Negroes show a distinctly lower sensiti-
vity than Caucasians with lighter fundi at wave-
lengths longer than 600 millimicrons". This led Dan-
iels et al. (1972) to suggest that during glacial and
postglacial times -~ -in a milieu rich in snowfall, on
foggy landscape and watér surfaces, under prolonged
twilight conditions and cloudy skies and, not least,
for vision in caves by firelight and fire embers -
this feature should have meant selective advantage
.For light eyed people., Apparently some of the genes
determining skin colour affect as well eye and hair
colour, Since there is a good general correlation be-

tween skin colour and pigment of the optic fundus,
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depigmented skins might have arised as a consequence
of selective pressure favouring light eyed popula-
'fions, even in the absence of any mechanism directly
putting a premium on pale skins.

Concerning the colour of the eye, UV-radiation is
not a factor to be counted with since the cornea com-
pletely blocks it, on the other hand intense reverbe-
ration of light from ice or snow covered open sur-
faces can damage the eye (eventually producing blind-
ness). In such a tundra-like environment darker fun-
dus would again be more at home than light ones, and
that is indeed the situation today among Lapps and
Northwestern Siberians in spite of the miscigenation
‘with their more depigmented Southern neighbours.

Another interesting theory, which has lately been
gaining support (Leguebe, 1977) was already proposed
‘in the mid sixties (Wassermann, 1965). It is well
known that the activity of the reticuloendothelial
system (RES) is inversely related to adrenocortical
activity. The cortex of the adrenal gland secretes
sex hormones, gluco-corticoids (cortisone, among
others) and mineralo-corticoids. Cortisocne is a
powerful inhibitor of RES activity. The adrenal
gland is in turn controlled by adreno-cortico-tropic
hormone (ACTH) secreted by the anterior lobe of the
pituitary gland (hypophysis), whose middle lobe se-
cretes also the melanocyte stimulating hormone (MSH)
which‘reguiates the production of melanin. The hor-
mones « -MSH, p -MSH and ACTH have very similar chem-
ical structures and it has even been éuggested that
«-MSH 1s an intermediate product in the production
of ACTH._ACTH{has also melanocyte stimulating pro-
pefties. There are indications that a single enzyme
deficiency genetically inherited, may lead to reduced
adrenocortical function and increased RES activity,
which might possess positive selective value in the
tropics, since the RES is the principal organ of

defence against bacteriological, viral and parasito-
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-logical agents, Yassermann gathered all available

evidence on the activity of the RES of coloured
races and concluded that it is more intense among
them than among hites: more intense phagocytic
functions (higher leukocyte counts) and higher con-
centrations of specific serum gamma globulin anti-
bodies., Nutrition may also have an effect. Malnu-
trition would then increase pigmentation and RES
activify in addition. Another factor to be con-
sidered since malnutrition is often endemic in the

tropics.

The reasons for human pigmentary diversity have
during the history of anthropology variously been
identified with a number of biological variables,
often of difficult quantification: concentration of
melanin as a protective screen against UV radiation,
and the antirachitic action of vitamen D -together
in a well balanced two-fold theory; thickness of the
stratum corneum and cryptic adaptive role of colour;
unequal sensitivities of diversely pigmented skins

to cold injury and increased sensitivity to visible IR1n

~light vs. dark eyed people; association of the mel-

anocyte production system to the reticulo-endothel-
ial system (RES). The picture is indeed complicate
and many-sided, the selective values of all these
adaptive mechanisms being difficult to evaluate in
practice. Within 'civilized' groups the importance
of most of these selective pressures is expected to
be in decline, but less so among primitives. At any
rate, especially during the dark ages in the forma-
tion of the human subspecies - such as they are
known today- - more than one mechanism ought to be
expected to have played a role, culture not with-

standing. However, a hypothesis has at times been

" enhanced to the exclusion of the others, theories

have been refuted because of a few new cases which
do not "fit" into the picture, and culture has been




alleged as the reason to extract man from subjection
to environmental pressures., '

. Culture is itself just a dimension of man’s en-
vironment, his avenue of access into habitat. Ergo,
not more than general reasonable adherence to any
rule or theory should in principle be expected being
man’s phenotype "the ultimate compromise of conflic-
ting selection pressures”(Mayr, 1955). In other
words, varying degrees of deviation from total con-
formity to a rule/theory are to be expected when-
ever greater overall fitness can be achieved by the
simultaneous actions of several adaptive processes

which can even be - and often are - antagonistic..
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1.5. A remark on methodology.

The insufficiency of the 'abridged' spectral re-
flectance curves in reproducing a colour, together
with the lack of uneguivocal correspondence between
a complete reflectance curve and the colour it re-
produces, have been shown in section I.1. In addition,
the evolutionary and adaptive connotations of a skin's
melanin content have equally been exposed elsewhere,

. This newly acquired insight into the problematic of
skin colour leads inevitably to realize the impossi-
bility of - with the mathematical methodology at the
disposal of the anthropologist - characterizing a
skin by its colour and, simultaneously, keeping the
information about melanin content as a part of that
characterization.

Since it should be the purpose which primarily
dictates the selection of the means, it seems right
to ask here: 'What are we after when measuring the
anthropological character broadly known as skin co-
lour?', 'Are we intending an enquiry into the evol-
utionary meaning ‘of human diversity in pigment con-
centration (and if so, which pigment/s do we mean),
in skin colour or in anything else?'. _

It would seem that providing an account of the
reasons for the interindividual variability existing
within the various factors involved in the genesis’
not only of pigmentation but, more fully, of differ-
ences in reflectance, absorption and transmission
through the whole spectrum of radiation, should be of
primary concern to physical anthropologists. Seen
from this angle, the relevance of colour as an anthro-
pological marker depends on how accurately it sum-.
marizes the complex interactions among all those fac-
tors contributing to the final product, and/or up to
what extent it can be used as a valid means of clas-

sifying populations. The fact that colour does not




show any uneguivocal éorrespondence with the VL spec-
t;al reflectance curve and that the rest of the spec-
trum is not represented there, should be argument
enough to deprive the physical entity, colour, of any
chances of fulfilling such a role. This has in fact
been tacitly recognized in most anthropologicél field=-
work, whenever 'abridged' or complete reflectance
curves have been produced instead of the X, Y, Z values
or its derivatives,

Some substances other than those normally considered
when studying the colour of the skin (melanin and mela-
vnoid, carotene and haemoglobins) are present in the
skin as structural constituents or by virtue of the
constant perfussion of the cutaneous blood vessels.,
Thus, vitamin A and, probably (Jacquez et al., 1955),
proteins of the stratum corneum, such as keratin, are
normally represented by absorption bands in the UV
‘range, while the constituents of the blood plasma
(biluribin, carotenoids and, again, oxi-haemoglobin)
and, under conditions of high dietary intake, even
certain xantophylls (luteins of egg yolk and of maize)
may be detected by several bands in the UV and the vis-
ible ranges. The constituents of the blood plasma pre-
sent considerable interindividual variation in the
concentration of each of these substances, while kera-
tin may well have protective value and dietary intake
is subject to individual as well as cultural variation,
Although the presence of much melanin blunts the ab-
sorption bands of other pigments in the visible and
the UV zones of the spectrum, the importance of these
last elements should have to be evaluated before they
can definitively be eliminated from the list of
significant contributors to interindividual, and per-
haps interracial, differences in skin colour. Similar-
ly, the meaning of the considerable reflectance varia-
bility which exists in the infrared range, and its

possible thermical connections, should have to be
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clarified, since it may have adaptive value.

The enormous task implied in the expleoration of
the rest of the spectrum becomes more practicable
when pdinting out that, in the part of the spectrum
studied in some detail, there is practically no inter-
individual variation in reflectance below 300 nm or
above 1200 nm (Jacquez et al., 1955; 1956). Such hom-
ogeneity beyond the borders of a widely variable re-
gion may be interpreted either as the result of some
sort of adaptation to radiation from immediately out-
side the 300-1200 nm region - thus, a basic require-
ment universally satisfied and independent of environ-
mental variation - or as deprived of any adaptive
value at all, We are then left with a region, extend-
ing over part of the ultraviolet and infrared ranges
plus the whole spectrum of visible light, in which
wide interihdividual and, above all, interpopulational
variability takes place, Radiation in the UV range is
mutagenic and carcinogenous (factors which restrict
experimentation with humans), while the red end of
the visible light spectrum and, especially, the infra-
red region carry considerable doses of heat,

Most theories attempting to account for the diversi-
fication of skin colour in man have placed the emphasis
in melanin content and/or thickness of the stratum
corneum., One of them, however, can be directly formu-
lated in terms of colour and luminance, although its
original exposition (Cowles, 19503 1959) is another,
Anyhow, it is so far melanin content which has been
" widely accepted as the trait, directly or indirectly,
selected for (Finsen, 19005 Murray, 1934; Daniels et
al., 19723 Post et al,, 1975; Wassermann, 1965), while
the protective role of éhe stratum corneum is still
debated, with, lately Blum (1961), Coon (1965), Loomis
(1967), Munro (1967) and Jung (1975) in favour. Thus,
in recognition of the role of melanin concentration as

a buffer against extreme doses (both too high and tooA
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low) of UV intake, it is primarily the concentration
of melanin we are after., This figure is, according to
Harrison and Owen (1956/7) ”linearly related" to the
reciprocal of the reflectance value (1/R) at any of
the wavelengths within the red end of the spectrum.
It should be pointed out, however, that, since the
readings at, for instance, EEL filters 608 and 609
are rérely identical in any individual, the constant
of proportionality must be a function of the wave-
length.

Thus, although the importance of the absorption
patterns of melanin not only at the red end but also
at the blue end of the spectrum remains a well es-
tablished fact, in foresight of the demands of future
investigation, when more comprehensive and deeper
kndwledge of the significance of the distribution of
skin reflectances is attained, it may be desirable
not to limit measurements merely to those provided by

an. abridged curve within the visible range of the

~ spectrum,

: fldithiéfsection the differences between the chro-
matiévand the protective guality of the pigment of
thé;ékin have been emphaéiéed, and knowledge has been
moh‘aﬁout the unrelatedness of some of its chromatic
asbéQtS'with its protective role, A more profound

iﬁéight.into the possible adaptive meaning of each

‘section of the reflectance curve has been found

neceésary as part of the search for a more suitable

methodology.
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II.1, The .populaticns: the country and the people.

Of the three geographical recions examined in this
research, Iberia is by far situated at the highest
altitude. Coastal plains being few in number and
small in extent, the region is totally dominated by
the presence of the vast tableland, generally denuded
and dry, called "la Meseta" -which covers rouhgly
half of the total area of Spain and almost imper-
ceptibly slopes towards the west (fig. 1I.1-1b)., The
central Castilian nucleus, in the heart of the Meseta,
has an average altitude of 2000 ft.,, and the whole
Peninsula is traversed by no less than seven mountain
ranges ~-five of which run either inside the Meseta
or bordering it. The greatest heights are to be found
outside the central tableland or bordering it along”
the north and the east, frequently ranging into the
seven to eight thousand feet and beyond (up to around
1ﬁ000 ft. in the Pyrenees and the Baetic ranges). Two
triangle-shaﬁed depressions -the Ebro Depression
(average height of 1500 ft,, for the most part barren
and Meseta-like in character) and the Guadalguivir

"Depression (average height 500 ft., cultivated
patches alternating with a few steppe and semi-desert
areas )~ caomplete the orographic picture,

Whereas in Spain all but the Soria-Teruel ranges,
along the east border of the Meseta, run from east
to west, the Scandinavian and British run in a south-
north direction. The western part of the Scandinavian
peninsula is constituted by a high plateau -two to
five thousand feet high- from which several groups
of mountains (up to around 7000 ft.) rise (fig.
II.1-1a)., To the west, mountains and plateau slope
abruptly into the sea, giving origin to a deeply
indented coastline - with partly submerged glacial
troughs (fjords) and numerous offshore islands. To
the north-east, through the Norrland plateau in the

north - crossed by deeply cut river valleys = height
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decreases gradually towards the Baltic coastal plain,
while further south the central Swediéh and Scanian
lowlands alternate with the uplands referred to as
the Smaland plateau. At the southern side of the
‘Scandinavian straits, the lowlands emerge gently here
and there giving origin to the Danish soil.

Highland Britain is an area of massifs and plateau
country, where most of the ground stands above 1000 ft,
They appear concentrated on the western parts of the
island and broaden up gradually toward the north,
where they basically occupy the whole country. High-
land Britain includes Southwest England, Wales, the
Lake District and the Pennines, the southern Uplands
dand the Scottish Highlands (fig. II.1-1c). Most of
Ireland has the same character. The highest peaks are
in western Scotland, southwestern Ireland and north-
western Wales (up to 3300 ft. and beyond), and they
contribute to give the coastline its rugged character.
In opposition, Lowland Britain and -to a certain ex-
tent- the central eastern region of Ireland are areas
of plains, wide valleys, low plateaus and scarplands,
extending towards a rather Fea%ureless coastline.

In vegetation (fig. II.1-2), reflecting the climat-
ical and orographical divérsity, Iberia is also the
most varied of the three areas, although certainly
not the most thickly covered. While Ireland, Britain
and especially Scandinavia still conserve a fair pro-
portion of woodland -some of it retaining its prim-
aeval character- man has almost succeeded in totally
denuding Iberia of its formerly much richer vegetal
cover: only 10 per cent of Spain and 25 per cent of
Portugal remains forested. Also, while in the At-
lantic islands of Scandinavia -outside the mountain
ranges- what is not cultivated is either grassland or
forested with broad-leaved deciduous trees, or with
conifers (in Scandinavia, north of the 60° 1line), in

Iberia -ocutside the small percentage which is cultiv-



Pig. 1I.1-1a. Relief and natural
regions in Scandinavia. (atter
8omme, 1968 and Monkhouse, 1966).
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Pig. 1I,1-2a. Vegetation and land
use in Scandinavia. (Atter Somme ,
1968 and Alexandersson, 1972).
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Pig. I11.1-1b, Relief and natural
regions of Iberia and Balesres.
(After Cabo & Vigil, 1979 and Sa-
vory, 1968).
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Pig. II.1-2b, Vegetation and
laend use in Iberia. (After Way,
1962).
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ated and a few reduced mountain areas of alpine veg-
etation- the rest is covered with deciduous mountain
forest, "monte bajo" (evergreen, drought-resistant
trees) and "matorral" (heath plants),

Rainfall and humidity gradually diminish in the
three cases from a focus situated somewhere on the
‘western part df each of the three areas: western
Ireland, in one case, southwestern Norway, in an-
other, and the northwestern corner of Spain, in the
third case (fig. II.1-3). The southwesterly air stream
of the Atlantic, which brings a conétant supply of
warm, moist and tropical maritime air to the north-
wvest of Europe, exerts as well its influence in
northern and western Iberia, Their effects are,
héwever, diverse. The open insular character of the
islands in the north Atlantic does not prevent the
warm, moist air masses from bringing clouds and
rainfalls sverywhere around the Irish sea. But
furthef north and éspecially further south, the
Scandinavian and Iberian plateaus and their moun-
~tains more effectively screen off the inland and
landmasses to the east. In Scandinavia, to the north
and east and along the western 6oast, the region is
also open td cool, most Polar maritime air from the
north and, in winter, to the cold dry Polar conti-
nental air from over thé Eurasian continent. Further
south, winds mostly blow from the Atlantic and, in
the case of Iberia, from the Mediterranean and fraom
‘northern Africa as well, bringing warm air masses
.=-dry, in the case of eastern and southern Iberia,
humid, in the north Atlantic. In the Iberian Penin-
sula, any moisture content is'fapidly either stopped
dver the Cantabric and north- Atlantic land stretches
betweén the coastal line and the scarpbd edge of the
Meseta, where clouds progressively disappear into
thin air- or by the highlands which cut off the great
tablelands of the Meseta from both each other and

from the sea,
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Temperature gradation (fig. II.1-4) in the in-
-habited areas occurs predominantly along latitude
in Scandinavia and the north Atlantic islands, where
the land runs from south to north, but also from the
mountains toward the coast, In Iberia, although lon=-
gitude (through proximity to the coast) and latitude
still play a role, altitude is the main factor for
most of the region, There is no longer one single
thermic pattern valid year-round. The height of the
plateau determines its continentality: the lowest
temperatures are registered there (éspecially on its
northern half) in the winter, and also some of the
highest, during summer. Along the coast, temperature
variation is small, and latitude and water content of
the predominant masses are the determinant factors.

The maximal summer temperatures are reached in the

- centre of the Ebro Depression (which almost reaches

the extremes of the plateau), in the central and
southern parts of the Meseta and in the Guadalquivir
Depression (where Ehe highest temperatures in Europa
have been recorded).

When considering insolation (fig. II.1-5), Sweden
" occupies an intermediate position between the two
other regions, with between 1600 and 2200 hours of
sunshine a year (1400 to 2200, including Norway as
well). The areas of maximum duration are in southeast °
Norway, along the coast of Norrland, southeast Sweden
and the islands of Gotland and Gland. The areas of
minimum duration include the rainy coastal areas of
Trondelag in Norway and the southwest slopes of the
~highlands of southern Sweden., In Britain and Ireland
insolation ranges roughly between 1000 and 1800
hours of bright sunshine per year, but most of the
area is under the 1600 border. It varies from a
minimum in the mountainous areas of the north and
northwest towards a maximum in the south and the
southeast., In Iberia, excepting a northsfn Cantabric

fringe which receives less than 2000 per year, most




Mean anomaly of air temperature, January.

Pig. I1.1-4. Western Burope:
temperature {(a). (After
Kendrew, 1953).
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of the country enjoys more than 2000 hours o? sun=-
shine a year. The maximum (3000 and beyond) is
reached in southeastern Spain and in some parts of
western Andalucfa, along the coast.
- All aforementioned factors together determine the
‘climate of the region under consideration (fig. II.
1-6). Thermically, the whole region cén be subdivided
into two types of climates: mesothermal in Iberia
(yearly temperatures from 27°F to 50°F and beyond)
with mild winters, and microthermal in the north with
severe winters (yearly temperatures belouw 27°F to
50°F and beyond). Otherwise, in terms of rainfall
and cloudiness, northern Spain and southern Scan;
dinavia parallel the climatic gradatioh in the north
- Atlantic isles. A (wet: northuestern Spain, weétern
Ireland and southern Norway -with max imum pluviosity
and cloudihess) gradually merges into B (humid: the
Atlanto-Cantabrian fringe south and east of the wet
Iberian zone, eastern Ireland, the two western third
parts of Britain énd southern Sweden), which in turn
transits into C (subhumid: the transitional Iberian
zone, eastern Britain and the southermost tip of
Sweden). ARll these zones enjoy all-season rain.
Beyond them, the rest of Iberia belongs into the
sub=-humid and semi-arid categories, with rain defi-
ciency in summer, while Scandinavia presents a tongue
of tundra climate astride the mountains, gradually
merging into taiga to the east and the west.
Drecipitéﬂidn falls almost ehtirely under the form
of rain in Spain, and it is greatly restricted to the
north and northwest and to the highest peaks every-
where, Outside that area it is predominantly of local
thunderstorm character. In Britain snow becomes of
certain importance, but it is in Scandinavian moun-
tains and east of them where snow definitively

mantles the role of rainfall,
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Although only individuals which posseésﬂat least
three avtochthonous grandparents have as a rule been
cbnsidered for anpalysis in the present work, this is
by no means a guaramtee for homogeneity - since the
genetic impact of the foreign elements absorbed into
the populétion during the past is far from being ne-
gligible, Its approximate evaluation - a task of
nearly unsurmountable difficulty - is not, however,
the concern of this research, for which reason only
a generalized reference to the most important among
those will be made here., Further information will be

provided elsewhere whenever it is considered neces-

have played the role of a craddle for a pre=Neolithic
majdr section of its population, Without excluding
foreign Mediterranean contributions, the modern inha-
bitants of Iberia appsar to be the end product of a

long line of local.evolutioﬁ, accelerated during the
Mesolithic times, genetically leading the_greéter part
of “the:population. in. 2 ‘Mediterranean direction, It is
still unclear to what extent envirommental factors -

at the expehse of genetic factors - may be responsible
_for the appearance of internal variation within a po-
pulatioh of predominantly unitarian origin. Yet, it

is likely that the latter are the most important in
accounting for the differences existing betuween northern
Spaniards, especially Basques, and the rest of the
Iberian populatibns. On the other hand, modern research
on the subject (Ferembach, 1977) suggests that environ-
mentally provoked (plastic) variability may be the major
source of diversity between Spaniards of the Medite-
rranean litoral and hinterland Spaniards. Customarily,
the Iberian anthropologists speak of a gracile or
insular variety of Mediterranean and-.a robustus or Eur-
african - the first is .common everywhere.except in:the. .

morth. , while the second one is more abundant élong




(1)

the eastern seaboard. Leaving aside the incidence of

environmental factors, the more rugged .appearance of
. \ AY

the robustus or Atlanto-Mediterranean subtype may owe

much to the absorption of groups of Cromagnoid survi-

‘VOTS, seemingly numerous in some of the Mediterranean

provinces y by the evolving Mediterranean popula-
tions.(Fusté, 1957). The alleged intrussion of new
groups with northeast African Neolithic traits into
the province of Almerfa (Savory, 1968) - if demons-
trable - would have only contributed to a further Me-
diterranization of Iberia,

Although Dinarico-Armenoid seaferers and Alpines
have been -invoked to dccount for the round-headedness
of western Andalusians and southern Extremadurians, on
the one hand, and Cantabrians on the other hand, there
are no indications whatsosver of any intrussion of the
adequate foreign elements in the required scale. Thus,
so far they are rather to be looked upon as the result
of brachycephalization in situ of the regional forms
by the action of agents still unknown. On that direction
points also the fact that the southwestern and middle
Tagus foci of round-headedness apbgar already exempli- .
fied in some crania of debated Mesolithic age (Hoyos,

1947), and become more important during the Neolithic

. and the Bronze Age.

Fusté (1957) has pointed out the survival into the Neo-
Eneolithic of the east and the southeast of Upper Palaeo-
lithic forms. They normally approach the:French Cromagnon
form, but even the Combe-Capelle form is represented.-
this one very closely suggesting primitive Mediterranean
forms, ‘

Morant (1930/1) and Bonin (1935) have evidenced the small
internal variability of a composite sample representing
Upper Palaeolithic man, and this speaks against
laterally deriving the Mediterranean populations from
some Combe-Capelle like form. That may be so, but it may
be wondered whether both author’s conclusions might not
have become significantly altered had the Combe-Capelle
form been represented by a greater number of specimens,
(some have beer found later: Jelfnek, 1969) - with the
subsequent increase of the sample’s coefficient of va-
riation, owing to the margimal position of the form,
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As a whole, with the exception of the Basques,
modern Iberian populations seem to be remarkably free
from the Upper Palaeolithic metric archaisms (1) which
- according to some scholars (Fleure, 1923; Coon, 1939;
Lundman, 1952) = may be .commoner in northerm Europe,
perhaps owing to some adaptive character of those
traits in a harsher climate,(z). In contrast to Iberia,
excepting the Palaeo+Mesolithic contribution, all other
elements are in northern and nerthuwestern Europe pro-
bably alien, Of the three main elements which have
given the British Isles its modern character, the round-
headed and strong-complexioned human type predominant
among the bearers of metallurgical knowledge and Bell
Beaker culture to the Islands - although culturally de-
rived from Iberia - must have contained central European
types (north German Corded and natives of Mesolithic and

Danubian'cultural extraction), while the Nordic element

(1) Individuals essentially resembling the French Cromagnon
type crop up sporadically among modern Basques (Fusté,
1957), and Cromagnoid traits appear occasionally among
the inhabitants of the Central Sierra, according to
Hoyos (1947; 1952). :

The anthropology of the blood groups has not been stu
studied in Iberia as thoroughly as in Britain or Scan-
dinavia., Yet, it may be significant that, outside the
Basque country, the provinces approaching Basque average
¢ figures include all vast mountain ranges: one area
extends from Soria southwards (Soria-Teruel ranges) and
the other runs westwards (Central Sierra). It may be

- worthwhile investigating whether Cromagnoid traits and
O-genotypes show any significant association, :

(2) In southwest Ireland (Coon, 1939) and certain locali-
ties of Wales (Fleure, 1923), in the mountain district
of southern Norway (Coon, 1939) and in certain villages
of central and southern Scandinavia (Lundman, 1946 and
1967) - all rather isolated tracts - the presence of
individuals metrically recapitulating Upper Palaeolithic
man have been pointed out by the anthropologists. More
recent serological surveys conducted within some of
these districts have elicited unusually high r-figures
(Casey et al,, 1963; Sunderland et al., 1973; Garlick

& Pantin, 1957; Casey et al,, 1966; Beckman & Martens-

son, 1958).

-




was mainly brought by the Celtic and, especially, the
German invasions. The Mediterranean component, the
oldest of the three, was probably represented by the
first agriculturalists - possibly of.Danubian and Iberian

extraction, but it is worthuwhile investigating whether

it may not have formerly found its way into the southern -

Pennines during the first half of the seventh century
BeC.e with the bearers of the "marrow-blade" microlithic
indust:ies of south French derivatiaon.

By the end of the Glacial Period and until. the be-
ginning of the Boreal, western Europe emerges and
evolves as the realm of three different cultural prd-;
vinces, whose geographical distribution to a cértain
extent parallels modern racial distribution., The Ah-
rensburg Maglemosean tradition along the north Eurooean
plain, southern Escandinavia and southern Brltaln - whlch
Héélcally continues the Upper Palaeolithic way of life.
Southwards, reaching the Mediterranean in certain areas,
extends the territory of the Magdalenian-Azilian tradi-
tion, with its heart in south-central France and the
Spanish Cantabrian region. South OF it is the province
of the Epigravettian tradition, in Mediterranean Iberia
(progressively expanding into the -hinterland), parts of
southern France and Italy.‘Uhderlying similarities
between the northern and the northwestern Europeans and
amongf; the southern European populations of our days
EEMEIE probability owe much to the gemetic. sttucture af
western Europe in those days. However, during the Boreal
periéd the cultural unity of the Maglemosian province
is broken in two occasions by microlithic influences
arrived from the southern border of the Aiilian district.
The impact in Britain of .tha. Sauvaterrian wave-.has al--
ready been mentioned; under the influence of the second
(the Castelnovién) and without abandoning the Maglemo-
sean tradition, the Kongemose-Ertebglle cultural complex

emerges in southern Scandinavia (Kozlowski, 1976;
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Mellars, 1976). In the south, Iberia perhaps converges
culturally towards a Castelnovian facies, rather than
being reached directly by it.

' Concerning—Scandinavia, its modern Nordic character

seems to be mainly a Neolithic acquisition. In spite of

recent Swedish objections againég the foreign charaptar
of the Battle Axe or Scandinavian Corded Vare c;iture
(Malmer, 1975),it is still widely accepted that its.
parental form appeared—Eitnin the northeastern barbar&an
fringes of the ancienﬁ Mediterranean world (between the
north Caspian and the north Pontic steppes) by accultu-
ration From'the advanced centres in Minor Asia and Iran
- where many of its main cultural prototypes have been
found (Gimbutas, 1963). Jlts bearers - of the rugged Fedi-
terraneap type:-.,, close to the Irano-Afghan primitive-
Mediterranean forms (Cocn, 1939) - migrated into the
Scandinavian Peninsula via Denmark or aéross tha Baltic
(arbundtQQOOyB;C;), and gradually superimposed them-
selves on the groups -of agriculturalists (Funnel Necked
Beaker or TRB culture) 13, sub=-Neolithic fishers and
hunters (Pitted Ware culture) (2) and hunter-gatherers
of Palaeo-Mesolithic derivation, Mediterranean elements
of the so-called Atlantic variety - also found in east
Spain and in the "long barrows" of the British agricul-
turalists - have been unearthed from Megalithic inter-~
ments in southern Scandinavia, and set in connection
with the spread of Megalithism ultimately from Franca

- and Iberia. More likely, they may have represented the
receptors of the new Megalithic influences, either a

~section or the mass of the TRB populations.

(1) Presumably related to the Danubian and Michelsberg cul-
tures of central Europe - the first, at least, brought
by people of eastern Mediterranean affiliation.

(2) Distributed along the coasts’ between the three Scandi-
navian countries and along the Finnish and east Baltic
coasts, from where it is supposed to derive,




(1)

(2)

(4)

The skeletal similarities between Mordics and Hedi-
terraneans (especially those belonging to the 'Atlén-
tic' and the Middle East varieties) have been repea-
tedly pointed out in anthropology, and it seems a
reasonable interpretation to conclude that those forms,
by dehigmentation in Scandinavia or prior to their ' _
arrival, and by interbreeding with the native populations
gave origin to the classic type of Nordic, as knouwun to .
the anthropologists.(1 . :

To Iberia the Nordic type was brought by the Urnfield
and Celtic invasions between mainly the VIII and VI .cen-
turies B,C. and by the German invaders of chiefly the V
century D.C. Its genetic influence, although considerable
at first in local terms, became afterwards greatly dilu-

ted by internal displacements of populations and absorbed

(2)

Jeuws (3), whose genetic impact has presumably been max-

into the total gene pool,

In more recent periods, apart from Cypsies and

imal in Iberia -among the three regions, there is the

_oriental (chiefly Muslim) influence in Iberia

Upper Palaeolithic survivors are not unknown in other
parts of Europe. They have been found by Jelfnek (1969)
in the Dnieper valley, as a whole group (Neolithic) and
as single individuals within two populations of proto-
Mediterranean character (Mesolithic). These two popula-
tions may candidate perfectly for the ancestorship of
the Corded people. :

th éhpéafed in western Europe in the laﬁe fifteenth
and early sixteenth centuries.

Their presence in the countries along the Mediterra-
nean shores antedates the Christian era, and becomes
more .intensive during its first years. Later on they
started migrating towards' the north, and by 321 A.D.
there were Jewish colonies.in the Rhine country.

The presence of north African and Levantine colonists
and traders in the Iberian coasts probably antedates
the Bronze Age (Savory, 1968). In any case, it can be
traced back to the period between the eigth and the
end of the third centuries - when Phoenicians, Greeks
and Carthagenians found their way into the country.
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(roughly lasting 800 years) and - .in Britain - the 200
years of Scandinavian invasions and the french Norman
influence. No phenomenom of comparable importances has
taken place in Sweden during historical times. vet,
Finns and Walloons (arrived during the first half of
the seventeenth century) and Germans (important within
Stockholm’s upper class already since the Hanseatic
pefiod) have significantly contributed to the gene pool
of certain districts and.social sectors of the country
(1). In more recent times, the coming of immigrants
from eastern and central Europe and from. Latin.America
(mostly és'poLitical,réFugees), but even from sdguthern
Europe-and .the Third World (of whom a certain propor-
tion stays in the country), has also been felt in
Sweden and Britain. In addition, some miscigenation
with individuals from the former colonies -‘only in
part of White extraction - has taken place in Spain -

and Britain.

(1) However, the existence of a Finnish-like substrate in

extensive parts of Sweden during prehistoric times has
been repeatedly suggested on archaeclogical and sero=-
logical grounds (Beckman, 1959).
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The survey.

Most of the data on which this work is based
were gathered during the 1976-7 Michaelmas and
Epiphany terms and during the 1977-8 Michaelmas
term, under which the author was engaged in prac-
tical fieldwork in Sweden, The British and Spanish
samples were put together during the rest of the
academic year 1977-8 in Ourham and Madrid respesc-
tively. In addition to them, I received through the
agency of my supervisor, Professor £. Sunderland,
491 cards with data on British and Danish subjects.
Among these the British sample (York) was kindly put
at my disposal by Mr, J., Edwards. Thus, the author’s
data were mainly gathered during late autumn and
wintef, with the exception of most of the Spanish
and some of the British data, which were collected
during eafly spring. No measurements were taken
during summer. The York and the Arhus samples were
also put together during the non-=bright part of the
year. '

.With very few exceptions all Spaniards were -
sampled at the Universidad Complutense of Madrid
and all British at the University of Durham, whilst
among those tested in Sweden most come from schools
- with a few groups contacted through either the Réd
Cross and the YWCA/YMCA in Malmd, or at two of
Malmd ‘s kindergartens and one of its hospitals (MAS).
A few British and Spanish subjects were tested in
Sweden, disconnected from any university, and all
Swedes were tested in Ské&ne (southern Sweden)
- mostly Malmd and Trelleborg. The Swedish schools
visited in connection with this work, eight in Malmd
and one in Trelleborg, corresponded academically to
the British GCE, high school and extra-mural studies,

Apart from a few cases in each country - contacted

’as friends, relatives or colleagues - all contacts
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vere held on strictly impefsonal bases, and there
were no reasons to suspect in the subjects any sort
of intense emoticnal or culturzl involvemani with
sunnier weathered countries, which could somehow

have biased the sampling, with the exception of sonme
adult students of Spanish, Portuguese, french or Ita-
lian., They were, however, too few to matter. With
respect to the distribution of sexes, it may be sus-
pected that, at least among Swedes, the more extro-
verted character of the females contributed to make
them appear over-represented in the samples. Thus,
while it seems reasonable to speak of random sampling
of subjects, it cannot be held that the sampling was
stratified. An a posteriori performance of stratified
sampling was discarded as unrealistic, since it would
have heavily reduced the size of the samples.

Although even foreigners were includad in the
survey in each country, their numbers were alyays
small, for this reason they have not been considered
in this work., No ﬁeople of 'pure' Lapp or Gipsy an-
cestry (or any other kind of nomadic minority) were
tested, although three or four Swedes declared to
have (or suspected to have) some Lapp blood, and a
'pair of British revealed to have some Cipsy blood,
Apart from these two ethnic groups and from the Jews,
all of which have to a great extent succeeded in
keeping a distinct identity, the genetic impact of
all the elements absorbed during the past.into the
population of the three countries cannot be disdained.
AIhvestigating.the concrete importance of each of those
elements will not, however, be attempted here. In-
stead, the existing knowledge will eventually be
used as a tool when interpreting the results. In
each of the three countries included in this survey .
the different provinces were very unevenly represented
(some were not represented at all). However, a dif-

ferent layout of the survey would have rendered it




unpracticable, owing to the additional costs and
expenditure of time introduced by the extensive
travelling demanded.‘

In all 1960 individuals wefe tested in the three
countries,1107 in Sweden, 580 in Britain and 273 in
Spain. The numbers are only approximate since a few
of the Spaniards and the British were surveyed in
Sweden. Of these, 677 were 'pure' Suwedes, 234 were
'pure' Spaniards and 79 were ‘'pure' British, Among
the cases not collected by the author himself (457
British subjects and 34 Danish subjects) no degree
of 'purity' could be established, since no informa-
tion on the subjects’ ancestry was available. For
this reason, they have undergone a completely dif-
ferent treatment. Before the actual processing of
the data, the Spanish, Swedish and British samples
(éspecially York) suffered an additional reduction
in size because of random eclusion of some of the
cases, due to consanguinity., The principle for ex-
clusion was always random, except when a whole family
was included, Then, the parents were kept, since
sample size diminished less that way. No consanguin-
ity beyond second cousin level was detected. Tests
for pigmentation and colour blindness were both per-
formed among most of the subjects tested by the auth-
or, and saliva samples were collected from one ha}F
of the individuals in the Swedish sample and from
most of those in the Spanish and British samples.
The results of the saliva and colour blindness tests
-will be published separately in a near future. for
this work only the associations between ABO blood
groups and pigmentation will be utilized, In addi-
>tion, a questionnaire wds handed to each of the
subjects involved in the tests, This was returned
mostly complete in all cases with the exception of
twenty seven Swedes (both sexes), who simply refused

to fill it or returned it basically incomplete.
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No one who has been engaged in fieldwork with
humans as subjects will have failed to notice the
incidence which psycho=-cultural factors may have on
the 6utcome of the work. Those influences appear
under contrasting lights when, as in the present
case, the same survey is conducted among pecple of .
such widely different psychological and cultural
texture as the Spaniards, the British and the Swedes.
Partly owing to the factors of that sort ang partly
due to the fact that the author was in Sweden a
foreigner and unconnected to any local university,
the yield there was =--when considering the time and
effort spent - much too low. Requests for permission
to perform the test in official places were often
met with either suspicion or indifference by the
people in charge. In that way, three of the most
promissing possibilities --Malmt‘s Prison, LV4 (a
recruit encampment near Malmd) and practically all
kindergartens in Malmd-- failed to realize. All this,
plus the circumstance that the survey was in its
entirety conducted by the author alone, practically
without any manual assistance, consequently limited
the size of the samples obtained. A

The data were processed by the author at the
Computer Unit of the University of Durham, using

one of the available standard programmes.
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IT.3.

Technigues

Qut of the three tests administeresd, only one of
them - pigmentation - will be dsalt with in this
work., The two athers will each be the subject of a
detailed study in the near future., The results from
the saliva test will, ho:ever, be used in the present
work in an attempt to detect eventual correlations ~
between different genetic traits. The collections of
data was accomplished by the author of this work com-
pletely unaided, with one single exception: in Sankt
Petri Skola two of the teachers - Dr. B. Petersson
and Dr. B. Ahlstrdm - took up spontaneously the task
of blood testing some of the subjects, pupils attend-
ing their lectures in Biology, and even checking
their colour vision on my behalf.

For purposes of expositioh, the present section
will be subdivided into four parts: 1) saliva, 2)
pigmentation, 3) the questionnaire, and 4) variables

and analysis.

1) Saliva

In order to study the secretor/non-secretor trait
and the ABO blood group system, saliva samples were
collected from individuals in Sweden, in England and
in Spain. The tubes for collecting and storing saliva
were provided in Spain and Britain by the Departments
of Anthropology of Universidad Complutense de Madrid
and University of Durham respectively. In Sweden they
were most kindly supplied by Mr. J. Karner, in its ma-
jority, and by Mr, S. Lindberg.
A The subjects were asked to spit into the tubes,

‘without the aid of any kind of stimulant, After that,

the spits were stored under deep freezing conditions
for variable lengths of time (normally shorter than
seven months)‘and then defrozen in the 'cold room'’
and centrifuged before the actual processing., A small

group of the Swedish ones was, as an exception, kept
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under deep freezing conditions for a period ex-
ceeding one year and they failed to give cleear

results, for which reason they were eliminated,

The specimens collected in Spain were first kept
frozen variable lengths of time (half a week to
three weeks), then thawn and centrifuged and the
supernatant liquid frozen again, until the final

thawing and centrifugation six months later.

2) Pigmentation
Some thirty years ago, Weiner (1951) described a
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portable reflectance spectrophotometer (of the 'abridg-

ed' type) and proposed its use on skin colour studies.

Measurements taken with the portable spectrophoto-
meter were found to be closely comparable to those
obtained on the same living subjects by using the
Hardy spectrophotometer., The apparatus recommended
by Weiner was then produced by the firm EEL (Evans
Electroselenium Limited) (1). SinceAit has been
widely described in several articles, the same will
not. be done here. Instead, mention will be made of
the fact that,'since its introduction to the anthro-
pological world, two main types of E.E.I. spectro-
photometers have atleast been employed., One of them,
theso called E.E.L. P.R.S. reflectophotometer, has

apparently been used by Walsh only in his work oﬁ

Asian and Pacific peoples (Walsh, 1963). Whether this

device is really different from the other type is
impossible to know froms Walsh’s article, but the
wavelength-filter set used (650 nm, filter glass
Chance ORI) does not correspond to any of those em-
ployed by the other. The latter type is not actually
a unitarian type, in spite of the generalized use of

filters Ilford everywhere,'since basically two dif-

It is now exclusively manufactured and serviced by
Diffusion Systems Ltd., 43 Rosebank Road, London W7
28,

-
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ferent sets of these filters (with minor variants)
have been used in the reflectance heads (Fernéndez,
in publication). The two sets of wavelengths mast

commonly used are shoun in table II.3-1., After the

Pilters 601 602 603 604 605 60€ 607 608 609

Wavelengths 425 465 485 515 545 574 595 655 685
(ir nm ormu) 426 470 49C 520 550 580 600 660 6E5

Table 11.3-1, EFL spectrorhotometers: sets of filters most
ofter used ir humar physical biology.

wavelength corresponding in each of them to the first
filter, they will be designated here as the 425-type
and the 426-type. The first seems to be, at least up
to 1973, the only one exhibiting absolute constancy
of filters., The apparatus most often used in this
work consists of a EEL 99 Reflectance Spectrophoto-
meter (the 'head', containing the filters and the
photocell) and a EEL éUO Unigalvo (the 'readout' unit,
cdntaining the galvanometer and the power source ).
The wavelength set is identical to the one specified
for the 425-type, Part of the data collected in
Durham (the author’s British sample) were taken with
another spectrophotometer of the same type and with '
the same wavelength-filter combination. Before use,
the second spectrophotometer was each time carefully
calibrated on one set of arbitrarily selected sur-
faces, so that its readings would be nearly identiceal
to those obtained with the first one., The spectro-
photometers used in Brhus and York were alsc EEL
machines and belonged (as the two others) to the
Anthropoiogy Department of the University of Durham;
but no information concerning the identity of the
spectrophotometer utilized in Arhus was available,
The apparatus with which the York data seem to have:

been collected, although also a EEL, produced readings_



(next page)

which - in spite of repeated attempts to calibra-
tion - were consistently higher than those obtained
with the other two. The possible consequences of
thse discrepancies will be dealt with in more de-
tail in chapter IX.,

Most often the skin colour of the subjects was
measured in groups of five or six individuals at a
time, in which case the experimenter would read the
figures aloud while those tested wrote them down,
While doing so, the author normally succeeded in
checking that the transcription of the readings Qas
the correct one. Even so, five utterly 'impossible'
figures were later detected and eliminated from the
record while 1) coding the data, and 2) checking
the data. For each individual, nine measurements
were taken on the middle aspect of the upper inner
arm (abbreviated 'uia') and nine on the middle part
of the forehead (abbreQiated 'fh'). One reading for
filter for place. The 'white' standard reference
for calibration to zero and to a hundred was a block
of magnesium'carbonate,_Mg CUB’ whose surface was
carefully scraped off with certain regularity in
order to keep it clean for calibration purpose., At
the beginning of each session, after initial cali-
bration of the 'readout' unit, the apparatus uwas
left alone during fifteen to twenty minutes -for
stabilization of the readings- and then calibrated
again if necessary, for greater safety the calibra-
tion was checked every forty five minutes or so,-
and corrected when required,

In a couple>0F occasions it was found necessary
to dismount the valve in the 'head' for either con-
trolling or changing it. Adjusting again the dis-

tances from the valve to the aperture hole was done

following scrupulously the instructions contained

in the booklet (1) which Diffusion Systems Ltd. fur-

nishes with the apparatus. The same adjustment was

128




(1)

also done, as a preliminary precaution, before ac-
tually starting the collection of data. In addition,
the spectrophotcmeter was in each occasion cross-
checked against the means of readings FormerlQ ob-
tained on arbitrarily selected comparison surfaces
for filters naos. 1, 5 and 9.

In a few cases, some women were only measured on
the arm or the forehead, because of reasons which
lay outside the control of the experimenter: two of
them, feeling suspicious about the spectrophotometer,
would refuse td "sacrify" anything else than their
arms, while in some others clothing would prevent
access to the broper part of the arm, or press it
too hard -provoking the accumulation of blood., Sim-
ilarly, some individuals simply disappeared wifhout
allowing for the completion of the whole series of

measurements,

3) The questionnaire .

The questionnaire (table I11.3-2) attempts to ob-
tain information about those behavioural patterns
which form part of the environmental dimension of
pigmentation, as well as about the cultural and
economical factors Mhich - because of its associa-
tion with them - may be instrumental in its expres-
sion. It also pretends to locate each individual in
its original geographical and ethnical background
- relevant because of its genetical and environ-

mental connotations. Most questions need no explana-

-tion, and all will, in any case, be examined in more

detail at the right moment. Something may, houwever,

be antcipated about them.

Questions numbzr 1 and 2, left blank, correspond

_respectively to identification number and to the

name and surname of the subject. This last piece of

"Reflectance Spectrophotometer, Model 99",




1. 1, Qocupation 31, (self) )
E %:.1{) = E i
. & , Oceupation ] \
2 7 (tatber) 32. ( th-r):s & |
Occupation ( E - :
3. Bex / Age 18. (mother) 33, mother) E &
Birthplace Birthplace Birthpl
s Parish 19. Parish 34. P-ring see
S. County 20. County E 35. County -E
-4 & &
Shire/ E Shire/ = %
6. 1. Y S8hire/
State E 21 state o 36 State ;
7. land 22. land E 37. Land E
.e Ethnic Bthnic = Ethnic
. - 23, < 38, 'E
group group . group
9. Rationality 24. Mationality 39. Nationality
—
- Mrthplae ;
O Pariap 2. parsen 10, Pribplace
b | ¢ Parish
11..County 26, County |5 41, County E
N - °
Shire/ Shire/ 5 8hire/ g
|12 State E 27: state | = 42. State = z
= o !
13. lLané § 28, land E 43. Land E
L RS S—— —_ ° H
14. Ethnic ' 29, Bthmic |5<" Bthnic ] E i
| group grounp ‘e 44. group ‘ = -
- —_—
15, Rationality 30. Rationality 45. Fationality *
(se1r) 61. Remarks | 62, AT® 64. Do you generally wear
- Porehead seme kind of s fringe
46, Pirthplace or hat?
j 65. Date of the last sun
47. County bath (other thar =
@ Shire/ - aprroximately.
* State ¢+ 1 . =——— = = = = -
— upper
49. larnd inper
= - Did it affect arm ?
; c
UL ssescoes
50. o roup Yo fore-
51 Nationality i . head?
_°_(present) 66. Have you
52. ABC Blood recently  when?
- groups hed any
53. Stature unususlly :
intensive
54, Bye colour exposure
: : to sun- where? !
{55, Hair eolour light?
= - .
{96, 67. Blood 8ite Locality Surname Name -
57 Locality of relatives
° the survey (:f any)
Site a eseses
58. (school, etc)
ip the 'with
| pumzer | lamp 67, What eye colour, hair
! upper |. colour and skin colour
Do you oftez inner do you prefer in the
59. take a.aunbatb arm? other sex~”
affecting your fore- ere
head? cZIour
Do you eften use some
eun cresm ... (then)? hair
1
:60' Do you have any other coiour
i creer or make-up ... [ akin
(now)? E - colour L
upper  fore- R
i on the .... inper bead dark (é:ggi::t) fair
amm |
| S——

Table II.3-2,

Questionnsire and test sheet,
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information was, however, optional, and it was only
attempted to collect when the subject confessed to
having a relative in either the place of the survey
or at any other of the projected places. In connec-
tion with question no. 2 is number 67, In guestion
no. 3, age was registered in full years. Question
number 56 was reserved for the result of the colour
blind test and need not concern us here, while 61
was reserved for marginal observations, like those
concerning the texture of the skin of the subject
(Freckles, pimples, etc.) _

Questions number 8, 14, 23, 29, 38, 44 and 50.
‘(ethnic group), together with "land" and "national-
ity" (five times each), provided some insight into
the origins of the subject, and they were especially
intended for those living in countries lodging two
or more different groups of people. The concept of

ethnic group was nbt, however, easily understood,

This difficulty was overcome by listing verbally the

ethnic groups expectable in each situation (for in-
stance, Scott, Welsh, Basque, Swede, Lapp, etc.),
so that everybody could recognize his own case.
Often the author was able to check directly with
each subject or group of subjects the exactness of
their answers. The probability of failures of this
kind significantly affecting the outcome of the ex-
periment is, then, practically nil, particularly "
since no country with a real complex ethnic-struc-
‘ture is -.-as such - represented in the samples.
Questions 59, 60, 64 to 66 convey information on
the behavioural aspects of pigmentation, a subject
which -presumably because of its intricacy and dif-

ficult quantification- has commonly been disregarded

in surveys of this sort., An enquiry was made into the

subject’s sunbathing habits (including the use of UV
lamps), dates and degree of exposure to radiation.

Question 63 deals with the specific matter of
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mating preferences, according to pigmentation, of
relevance in virtue of its potential incidence on
selection, This question especially was often met
with apprehension, even hostility, and some people
blankly refused to answer it, eventually even the
whole guestionnaire, as a consequence.

Religion is often a useful instrument to track
down the ethnic origin of people., It might,conss-
quently, show association with pigmentation. Ques-
tions 31 to 33 have been included because of that
reason, Questions 16 to 18 %nForm on socioeconomic
status. This, like religion, may show associations
with pigmentation (of the same sort as those ex-
pected from ethnic group), or may rather be instru-
mental in determining pigmentation., All this infor-
mation about religious creed and socioeconomic status
would prove to be of merely descriptive interest.

The subject of the test was expected to answer
questions 52 and 53 whenever he knew the answers,
Information concerning ABO blood group system was
intended to be contrasted against the author’s ouwn
fesults from saliva, in order to gain an orientative
insight into the reliability of the method. Regarding
guestions number 54 and 55, special emphasis was
put by the experimenter on either himself dictating
the answers or controlling its accuracy, and the goal
was normally achieved. Cases not fulfilling that re-
quirement were listed out from the calculations. Eye
colour and hair colour were determined by the-naked
‘eye; However, since the emphasis here will be placed
.on broad categories rather than nuances, the effect
of possible inaccuracies introduced by the aforesaid
procedure is expected to-be negligible,

Question 62 has been reserved for the results of

the reflectance test.

4) Variables and analysis,
The calculations were performed at the Computer
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Unit of the University of Durham, One of the existing
standard programs, S5PS5 (Statistical Package for the

Social Sciences) - within the frame of the MTS oper-

afing system - was used,

The information contained in the guestionnaire
sheets was transferred to punched cards and then fed
into the computer. Before the actual processing of
the data, several checks were done in order to con-
trol their accurate £ranscription: one for each step
(coding, transcription to cards) and an additional
one to detect 'aberrant' values, The two first con-
trols (some sections of the data were checked more
than twice) were made by the naked eye. The last one
by means of a standard program for validation of
data, called Datavet. Last among all pre-processing
steps was to impose on the data a subfile structure
with six main subfiles - Swe, Aswe, Spa, Aspa, Gb
and Agb - and a number of less important subfiles,
among which York and Arhus are included. Suwe,. Spa.and
Gb include people with all their four grandparents
from Sweden, Spain and Britain respectively. In the
last case even those with Irish grandparents were in-
:cluded, since this sample was already too small., 'A'
stands for additional in 'Aswe', 'Aspa' and 'Agb',
~since all those subjects with one to three autoch-
thonous grandparents have been included here.

A copy of the model sheet, on which the codified
information was transcribed, is shown in table IT.3-3
--yhere also all primary variables are introduced.

In table II.3-4 appear the variables listed in the
same order they were coded. Its fourth column, under
the label "columns", refers to table II.3-3 for a
closer look into the nature and origin of the var-
iables., In total, a hundred different primary var-
iables were defined this way. A number of variable
types appear repeatedly, once for the subject him=-
self and once for each of the two or six immediate

ancestors. They have been numbered from zero to six.
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Such is the case of the variables iowork0 to iowork?2:
(indoors/outdoors work) and socecO to socec? (socio-
~economic status). The information stored in these two
groups of variables has been extracted from the
answers to.questions 16 to 18.

The information obtained through question number
64 gave origin to variable hat, with two values: O
for- "no" and 1 for "yes", Although this was usual
coding strategy, it was later found practical to
create a new variable, newhat, with the complemen-
tary values so that, also in line with the regular
practice throughout this work, 0 would stand for
'no tanning behaviour'(hat=1) and 1 would stand for
'tanning behaviour'(hat=0). Questions 59 and 60 be-
came variables sboften to crfhnow, while variables
daygo and daygoex, together with habit, lbath and
gxinbath, have their origin in the structure of
questions 59, 65 and 66, Variable habit refers to
what area or areas.of the skin (uia, fh or both)
the subject of the experiment used to expose to
summer radiation. Whenever the answer to question
59 was not sufficiently informative on that respect,
it was supposed that the subject’s habitual sun-
bathing behaviour included exposure of both fore-
head and inner arm, if he/she was under 50/55,
otherwise only the forehead ). This means that
the maximum number of assumptions made while coding
this variable is equal to 1, In a similar way, lbath
refers to the areas exposed during the last sunbathe,
Here, two assumptions were found necessary: 1) either
the forehead or the forehead and the inner arm were
exposed, but never the inner arm élone, 2) whenever

vatiable lbath had unknown value (missing information)

This age border should be accurate enough, at least
for Sweden. It is perhaps somewhat high.for Britain
and for certain sectors of the Spanish population, but
both samples are almost devoid of old individuals,
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it was assumed that only the forehead was exposed,
if the climatic circumstances of the place for ex-
posure were not summer-like or variable age was
50/55 or beyond, or that forehead and inner arm were
exposed versus only forehead when the circumstances
were summer-like and the age as above, Here the max-
imum number of assumptions made at any one time was
also 1, Exinbath aims at the possible existence of a

rolonged, extra intensive, late exposure to radiation
) ’

'(scouting, military service, etc.), independent or not

of the last sunbathe. 'Late' was explained as no
longer than four months. No more than 6 individuals,
all of them Spaniards, were in that situation,

When considering the meaning of question 65, es-
pecial emphasis must be put on the possibility of the
coexistence of two different 'last' sunbathes, both
of them important, depending on the area of the body
under consideration: one during summer and the other
off-season, the second one often affecting the fore-
head only, IH that way, variable daygo was taken to
represent the period elapsed since the last summer

exposure, while variable daygoex corresponds to the

"time elapsed since the last off-season sunbathe,

When the information about the date of the last ex-.
posure was missing, it was assumed to correspond to
the last summer exposure. This, in turn, had at times
to be guessed, when the subject was a frequent ex-
poser, otherwise -with missing information- it was

considered unknown. The maximum amount of assumptions

When the information was totally missing, dates of
20th August, for adults, and 10th September, for
children, 0Often, no exact date was given, instead it
was rather vaguely referred to some wider period, In
those cases the following average dates were assumed:
June/July - 25th, August - 20th, September - 10th,end
of ... (any month) - 25th, end of summer-time - 20th
September (Britain, Sweden) or 10th Cctober (Spain).



made here was 1 for daygo, and 2 for daygoex =

since this variable drags with itself all of daygo’s
aséumptions. In line with 2ll this, two new variables
resulted, daysuia and daysfh, corresponding to the
time elapsed (in days) since the last intake of UV
radiation on the upper inner arm and the forehead

respectively. The conversion strategy is as follows:

78 If DAYGOZX EO O AND LBATH EQ 9) LBATH=0

77 IF DAYGOEX EQ Ug DRYSFH=DAYGO

78 1f DAYGOEX NE 0O) DAYSFH=DARYGODEX

9 1IF DAYGOEX EQ O AND LBATH EQ 0) DAYSUIA=DAYGO
80 IF DAYGOEX EQ O AND LBATH EQ 2) DAYSUIA=999

81 IF DAYGOEX NE O AND LBATH EQ O-) DRYSUIA=DAYGOEX
82 1IF DAYGOEX NE 0 AND LBATH EQ 2) DAYSUIA=DAYGO
83 1F DAYCOEX NE D AND LBATH EQ 9) DAYSUIA=999

The maximum amounts of assumptions made correspond

to those for daygo, daygoex and lbath in logical com-
bination, which makes a total of 2 for daysfh and 3
for daysuia.

The need for quantifying in some way the radiation
intakes led to the creation of three more variables:
uvoften, habitu and habitf. Uvoften was conceived as
a three-level variable (values 0,1,2) by composition
of sboften and sloften into one. It merely categor-
ises frequency of exposure without referring it to
any particular bodily region., The maximum amount of

assumptions made at this variable with any case is 1.

51 1IF SBOFTEN £Q 1 AND SLOFTEN E£0 1) UVOFTEN=2

52 If SBOFTEN EQ 9 AND SLOFTEN £Q 0) UVDFTEN=1

s3 IF SBOFTEN EQ O AND SLOFTEN EQ 1) UVOFTEN=1

54 1IF SBOFTEN £EQ O AND SLOFTEN EQ O) UVOFTEK=D

55 IF (SBOFTEN EQ O AND SLOFTEN EQ 9) OR

56 SLOFTEN EQ DO AND SBOFTEN £Q 9)) UVDFTEN=D
57 IF (SBOFTEN EQ 1 AND SLOFTEN EQ 9) OR

58 SLOFTEN EQ 1 AND SBOFTEN EQ 9; UVOFTEN=1
59 IF SBOFTEN £Q 9 AND SLOFTEN EQ 9) UVOFTEN=S

By bringing variable habit into the picture, habitu
and habitf were produced, also with three categories.
These represent levels of exposure at Fhe inner arm
and the forehead respectively. The transformations

are the following:
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85 IF HABIT £Q O OR HABIT EQ 1) HABITU=UVGFTEN
86 If HAEIT EQ 2; HASITU=0

87 IF HABIT £Q §) HABITU=9

8t IF HABIT €4 0 CR HABIT E£G 2) HABITF=UVDFTEN
89 If HABIT EQ 13 HABITF=0

90 IF HAREIT EQ 9

HABITF=UVCFTEN

Here variables habit and uvoften determine the
maximum number of assumptions made for habitu and
habitf as additive conditions of 0 and 1 with O and
1, making a maximum of 2 for either variable.

A final set of secondary variables, intended for
fitting regression curves to complex associations
between variables, was designed by making up a number
of mathematical functions of daysuia, daysfh and age:

powers, inverse and logarithmic functions.
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-During the course of survey it‘would eventually
come out that some of the subjects had lived long
periods of their lives in other countries, under
climatic conditions which could significantly differ
from those at their present sojourn - for instance,
British people grown up in Eastern Africa. That in-
formation was registered in the questionnaire {(ques-
tion no. 61), and stored in two more variables -- ‘
cores and landres (county and land of past residence).
However, since only extremely few cases were detected,
no especial use was made of it. _

For variables eye and hair - colour of eyes and
hair (corresponding to questions 54 and 55) - two

different categorization criteria have been applied.
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For finer analysis purposes several of the cate-
gories in the first system have merged together,
producing a second one with basically four sub-
divisions: light (including albino), medium, dark
and very dark. In 2 similar fashion, the informe-
tion about mating preferences (question no.l63)
stored in variables mateye, mathair and matskin was
referred to three differently pigmented phenotypes:
light, medium and dark. The nature of the categories
will be examined in more detail in another section.

The last variable, accy (accuracy), has to do with
the total maximum of unrelated assumptions per case
made while coding variables habit,lbath, daygo and
daygoex. That number is 4, which corresponds to a
figure of 5 for the set habitu, habitf, daysuia and
daysfh --as combared to their theoretical figures of
5 and 9.

A coﬁplete selection of cases from the Swedish,
Spanish and British samples --with listwise deletion
of missirg values and at least three autochthonous
grandparents as admission requirement-- p;oduced the
following distribution of cases (table II.3-5), where
none of the first four afocrementioned (habit, lbath,

daygo, daygoex) had an unknown value:

No. of assurptions
Subfiles b [} T 2 b

Swe+Aswe 561 430 1¢ 29 23

Spa+ispa 158 140 S [°] 4

Gb+Agt T8 T0 3 2 3
Table 11.3-5. Distritutior of ceses according tc nucber of assumptions
for veriables hatit, lbath, deygo and daygoex.’




144 cases among the Swedes, 49 among the Spaniards
and 9 among the British were missing cases, because
of one or more variables with unknown values per case,
‘No cases with four assumptions appear in the distri-
bution since that situation, meaning no answers to
guestions 59 and 65, undermines the whole basis for
guessing and the case automatically becomes a missing
one.,

Variables blood and blind store information about
the results of the saliva (blood group) and colour
blindness tests, the second of which will not at all
be dealt with in this work,

Variables co to nati, numbered from 0 to 6, inform
. about the geographical and ethnical roots of the in-
dividual and of their immediate ancestors., Based on
those variables are gblandsk, reino and ethnos
~-secondarily designed in order to study the geo-
graphicél diversity of pigmentation among the Swedes:
the Spaniards and the British respectively., They
identify the redion or ethnic group inteo which at
least three of the grandparents belonged. In the
case of the Spaniards and the British, with smaller
sample sizes, information about the geographical or
ethnical affiliations of the grandparents can be re-
placed by that concerning both parents. A closer look
at the nature of the regional partitioning will be
postpbned until later,

Finally, variables fathno and mothno have their
origin in the answer to question 67, which --after
codification-- was transformed into an eight-digit
number, that --depending on the nature and position
of 2 or 3 blocks of ciphers within it-- informs about
the identities of any possible relatives and the de-
gree of consanguinity, Eight-zeroed values --meaning
no detected blood relatives left in the sample--
QUaliFy‘a case for admission into the subfile, while

all other relatives eliminated at random would be
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Summary

referred to the selected identification numbzr of
the selacted case (id),

For the sake of simplicity, variables symnet-
rically regresented at both sites, the innzr arm
and the forehead, will often be referred to in common
as habit~-, cc~ or co-nouw.

Merely for purposes of simplification, all these

variables can be classified into the follouwing

qroups:

1. Identification variables: id (case no.), cdno
(card no.), sex, age (=A1), A2, A3,
2. Access (fathno, mothna) and accuracy (accy) vari-

ables,

" 3. Location variables: loc (locality), sect (i.e.

~ school section), site (i.e« school).
4. Socioeconomic variables: ioworkO to iowork2,

socecl to socec2, creda,.

‘5. Behavioural (radiation intake) variables:

- 3. Exposure variables: habit, "lbath, exinbathj;
sboftan, sloften, uvaoften, habitu, habitf;

- cruia, crfh, cruianouw, crfhnow, hat; dul to

f}%_ﬁg Timer variables: daygo, daygosx, daysuia, daysfh;

dut ta du5, df1 to df5; duin, dfinj dulg, dflg.

.6. Mating praference variables: matseye, mathair,

. : matskin.

-QT;,Géographical variables: co0 to coé, regl to regé,

.a;landu to land6, graoup0 to group6, natll to natlé;

=ﬁ3cuf83r landres; gplandsk, reinac, ethnas,

8. Genetic variables: uial to uia%, fh1 ta Fh9;
aye, hair, tall, blood, blind,

A survey combining tests of pigmentation and saliva .

was planned and carried out in three countriss: Sweden,

Spain and B8ritain, The methodology, the questionnaire
and the nature of the variables have been introduced,
and referance has been made to the possible compli-

cations arising Prom the use of thres -perhaps four-
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different spectrophotometers. Most data in this re-

search are, however, the outcome of one single spec-

tfophotometer. Several assumptions were found neces-

sary for some variables in orcer to prevent them

from heavily reducing the size of the samples, and

the logics of the process was exposed in some detail.
A classification of the variables for practical

purposes was proposed,




CHAPTER III



IIT.1.,

Preliminary results.

Tables 8.1 and B.2 show some elementary statistics
for the Swedish, Spanish and British samples. Means
and standard deviations will often enough play an
important role in statistical analyses in this re-
search, consequently no comment will be made about
them at this stage, Instead, the fulfilment of the
homogéneity criterion by the variances will be dealt
with when the occasion comes. The normality criterion,
however, is directly linked to the figures for skeuw-
ness and kurtosis and their general suitability will
be succinctly reviewed in this section.

It is one of the requirements to satisfy when
using parametric statistics that the distribution
of scores in the population be normal or that, other-
wise, sample sizes be big. Any of these two condi-
tions automatically guarantees the normality of the
sampling distribution of means. Thus, when considering
fulfilment of the normality crlterlon, it is licit to
dlsregard the character of the populatlon if sample
sizes are big. The character of the distribution of
scores is, however, of crucial importance when sample
sizes are small, Unfortunately, the character of the
population is rarely known, and -since it has to be
studied through the samples and small ones constitute
a poor representation of the parental population;
the statistician finds himself deprived of his only
means of exploring the structure of the population,
precisely when he needs it most. Still, at times
there are compelling reasons for suspecting normal
distribution of the scoresj; while on other occasions
no very good reasons can be advanced for the popula-
tion not to be normal, and so it is assumed that to
be the case (Hays, 1981), even without enough evi-
dence to support the assumption, In the present re-

search it will be shown that the first alternative
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fully applies td the minor subdivisions of the
samples -once proved that the samples themselves
fulfil the normality criterion for most of the
filters- since there is no apparent reason for Lthe
population to be normal at one level but not at the
other, The same line of thought can presumably be
applied transversaly as well, since there is no ap-
parent reason for the population to be normzl for
readings at all filters but one or two., Under those
circumstances, it seems reasonable to attribute any
departure from normality at the sample level merely
to the mechanics of random sampling.

Since analysis of variance and certain applica=-

tions of regression analysis --the parametric methods

most extensively used in this work-- require the ful-

filment of the normality criterion even within each
of the treatment populations, the composite samples
have been subdivided for study into four subssamples,

according to the possible combinations of the cate-

gories of variables habit- and cc~. Indeed, this sub-

division does not reproduce the smallest possible
cells which will arise during the course of the ana-
lyses, since other variables will be involved as
well, but further partitioning would originate too
small subsamples and, consequently, reduce represen=-
tativeness., Thus, as mentioned before, it will be
assumed --if the criterion of normality is fulfilled
by'the samples and the subsamples at most of the
filters-- that the populations or sections of the
populations Frdm which they were extracted are also
normal, any possible deviation from normality being
due merely to chance.

Among the author’s data, gross departures from
normality -as classified in tables B.1 and B.2- are
- few and normally restricted to the last filters, for
the 'pure' subfiles (Swe, Spa and Gb), two filters
among the Swedish males, four among the Swedish

females and cone among the Spanish females =--conside-
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(1)’

ring inner arm and forehead-- present either deviant
skewness or kurtosis or both., For the compesite sub-
files (1) two among the Swedish females and cne among
the Spanish males are in a similar situation. Subfile
York -where only measurements on the inner arm were
taken- presents at every filter gross departures from
normality for males, but only agreement with the re-
quirement for females, This peculiar situation is
possibly due to the impact of age on pigmentation,
since the male group is constituted exclusively by a
group of children and adolescents aged 10 to 18 and
by their fathers (with no intermediate ages in be-
tween), while the females are only the children’s
mothers, The signs of skewness figures reinforce the
credibility of this interpretation,

Some authors are, indeed, skeptical about the

wisdom of computing the skewness and kurtosis fig-

ures for small samples, and Mc Nemar (1959) gives

the value of hundred as defining the borderline be-
tween small and big samples in this context. Yet, in
the absence of a perfect alternative, skewness and
kurtosis have been calculated and used as shown above,
The sizes of some of the subsamples, however, are
smaller than any tabulated value, and this.situation

presents a problem. There, in the absence’ of evidence

to the contrary, it was considered that the criterion

of normality was satisfied whenever the estimated
value did not exceed the tabulated value corres-
ponding to the closest N, Otherwise the question

was left open.

These are Swe+Aswe, Spa+Aspa and Gb+Agb, Only those
cases with at least three autochthonous grandparenbs
are included in them,
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ITII.2. The structure of the samples,

Unless otherwise pointed out, only individuals
with three indigencus grandparents will be included
in Aswe, Aspa and Agb (briefly, a 3/4-criterion of

purity'). However, since the information compiled in
the variables introduced in this section is much
less abundant than that on reflectophotometric
readings, the application of the 3/4-criteria here
would produce a major reduction in the number of
valid cases., With that subsequent loss of represen-
tativeness our chances of finding the real nature of
the inter-relationships between variables diminish
as well, Besides, the nature of these variables is
not such that a significant change in statistical
value is likely to result, and a 2/4-criterion of
'purity' (two or three indigenous grandparents) has
tentatively been introduced here. It will be shouwn
that no significant shift from the frequencies
within the 'pure' groupings is caused by the addi-
tion of tﬁé corresponding 2/4-groups. The variables
introduced here are sex and age, socioeconomic
factors, some of the 'somatic' variables (tall, eye
and hair) and most of the radiation intake variables.
The variables are shown graphically in fig. A.1,

1) Sex '

Grouping together both kinds -pure and semipure-
the combined samples present the following sex-
ratios: 67.437 (Swedes), 94,615 (Spaniards) and
88.462 (British). The figures for their respective
populations are 98,912, 95.363 and 94,363 respec-
tively.

2) Age

Combining both sexes and both kinds, some 60 per
cent of Swedes are betuween fifteen and twenty years
old, while the rest is not too unevenly distributed
. between ages four and seventy five. Around 73 per
cent of the Spaniards are between twenty and tuwenty

five years old, while 16 per cent are between fifteen
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and twenty; none is younger than seventeen and very
few are older than forty. The ages of the British
are more concentrated: 85 per cent are betuween
fifteen and twenty five, none is younger than
eighteen and practically none is older than thirty
five. The distribution of fregquencies in each case

departs significantly from normality (table III.2-1).

d Sveg d Spagq d ©6b ¢

22.595 28B.604 23,087 22.293% 22,30% 20,717 mean
12.844 17.723 T.183 5.987 6.808 3.728 st, dev.
3.641 -0.239 13,260 24,591 12,813 4.179 kurt,
2,099 1,112 3,425 4.641 3,252 2,111  skew,
259 391 104 116 33 46 R

d asve g d Aspa ¢ d agd g

19.250 22.614 22,789 25,429 19,923 19,833 mean
13.372 14,954 4,906 13,501 2.565 2,317 s8t. dev,
7.350 4,081 1.581 4,227 9,744 1,693  kurt,
2.644 2.148 1.562 2.336 2,973 1,459  okew.

60 a3 19 14 13 6 R

Table II1.2-1, Age (frequency distributions),
Kurtosis figures are referred to sero.

3) Credo

With the exception of the combined British
samples, within which a2 non-negligible amount of
. Catholics and some Jews were present, the other
samples displayed nearly total homogeneity of re-
ligious creed, the only exception being contributed
in the Swedish case by 'non-pure' Swedes.
4) SocecO |

Around 75 per cent of the Swedes, 90 per cent
of the Spaniards and B0 per cent of .the British
belong to social class VIII, constituted by people
without a regular income of their own (i.e. stu-
dents and houséwives). Apart from this, the Swedes

present the widest ranging gamut of social strata,




while among Sbaniards only the lower and middle
classes are represented and practcally only the
middle class among the British (the few exceptions
entirely due to non-'pure' British). This is pre-
sumably a reflection of the fact that most of the
Spanish and British subjects were University stu-
dents, the pattern may however change.to a great
extent after reconversion of all VIII~-classed sub-
jects to other strata according to their parents’
or husbands’ incomes.

In order to make the three sociceconomic struc-
tures comparable, they have been divided into three
different classes (upper, middle and lower) plus one
independent stratum, VIII, The classes are also sub-
divided in strata -I to VII (I highest)-,  of which
. 111 to V constitute the middle class, Because of
this, while the stratus-division of a basically con-
tinuous variable is a valid one, the subsequent
class-division may not exactly correspond to that
adopted in each country. This need not however to
concern us,.

5) Iowork

In an extremely small percentage of cases those
tested were, during childhood, very likely to have
been subject to prolonged and regular exposure to
weathef and radiation, due to their parents’ work
(esg. farming). This circumstance deserves consider-

ation since it can even lead to a certain degree of

acanthosis and permanent tan of the skin (Piers, 1948)

which, when optimal, under experimental conditions
has been shown to allow a 40-fold longer sun expo-
sure without producing sunburn (Jung, 1975).

Among Swedish males there was an even smaller
percentage of subjects who worked outdoors.
6) Tall )

Information about the height of the testees was
stored in variable tall., Application of the normality

criteria, when -appropriate, did not in general reveal
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significant departures from normality (table 1II.,2-2).

d Sve g ¢ Spa 9 d Gb g
1.805 1,664 1.744 1.617 1,763 1,628 mean
0.258 0.053 0.066 0.065 0.051 0.068 st, dev,
0.072 -0.57¢ 1.529 + -1.398 -0,590 kurt,
0.094 0.031 0.628 + 0,0%%4 -0.095% skew,
226 368 100 m 30 42 ) |

d Asve 9 d Aspa Q d AZb 9

1,70% 1.669 1.739 1.645 1,773 1.592 mean
0.062 0,058 0.04% 0.0r4 0.052 0.068 st, dev.

-0.197 0.821 ~1.431 0.846 -0,271 0.7%9 kurt.
-N.430 0.64t -0.063 0.872 0.550 ¢.53C gkew,
45 2 19 14 12 6 R

Table II1.2-2, Tall (frequency distributions).

Rurtosis figures are referred to zero.

The sigr + indicates departure from.normality.

Some sanples were too small for comparison with the tabulated
vaiues {kurtosis, skewness) to be reliable.

R preliminary analysis of variance for the six
male sub-samples fails to reveal any statistical sig-
nificance at the 0.05 level (table III.2-3). A similar
analysis for the females, however, shows significance
at the 0.001 level, The application of two batteries

of post hoc comparisons, one to each sex, by the
scheffé method (Hays, 1981) to the composite Swedish,
Spanish and British samples still fails to show sig-
nificance among males, whereas Swedish females differ
significantly from both Spanish and British females
at the 0.0017 level but the two last groups are not
significantly different from each other at even the
0.05 level, The reeson for the appearance of non-
significance among males seems to be the relatively
great size of male Swe’s variance which inflates the
SSw-term intervening.in both kinds of tests, plus the
fact that the Scheffé method is a relatively conser-
vative one. Indeed, male Swe’s variance is not homo-
geneous with the other five though they are among
themselves, Among females all six variances are homo-
geneous. Application of the t-test -with the pertinent
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Between samples (2/4)

Tall o 9
Swe | X = 1.805 & = 0.066 n = 226 I = 1,664 8'=0.003 n = 368
Aswe | ¥ = 1,795 &*= 0,004 n = 45 X = 1,669 &%= 0.003 n= 72
Swe + Aswe | x = 1.803 8= 0.056 n = 271 X = 1.665 &%= 0.003 n = 440
Spa g = 1,744 8'= 0,004 r = 100 X = 1,617 8= 0.004 r = 111
Aspa | X = 1.739 & =0.002 n= 19 T = 1,645 &= 0.004 n = 42
Spa + Aspa | X = 1,743 #'= 0.004 r = 119 T = 1.625 .82= 0.004 = 153
Gd X =1,763 @&=0.0035 n= 30 X = 1,628 8!'=0.005 n = 42
Agd X = 1,773 8:= 0.003 n = 12 T = 1,590 B?=0.005 n= 6
Gb + Agd x = 1,766 8?= 0.003 = 42 X = 1.623 8= 0.005 n = 48
Partlett’s | P =77.863 4f =1 p 0.001 + P=9.152 df =5 p = 0.105
(Swe, Aswe)
P=23,994 df =4 p = 0.406
- (all but Swedes)
t-test Swe-Aswe gz = 0.520 p = 0,603 Swe-Aswe 2z = 0.657 p = 0.51
(or 2)
Spa-Aspa t = 0,329 p = 0,760 Spa-Aspa t = 2,444 p = 0.016 +
. af=117 af=151
Gb-Agb t = 0.535 p = 0.600 Gb-Agt t = 1.231  p = 0.230
df=40 ar=46 )
Analysis of ss ar ¥s P P ss ar s P P
variance 0.3179 5 0.064 1.739 0.050 0.2591 5 0,051 15.319 0.001 +
15.578 426 0.037 2,148 635 0.003
Poat-hoe ;1 - §2 o ;1 - ;2 e
comparisors >V 5.F >V 5.F
(Scherré) \ﬁ_5°518 1, -1-) 2.148 (-1 4 2 )
336 ‘"% " 235 3 X%
1 2 1 2
v?fi"= 0.866 (0.001) 5.F = 0,263 (0.001)
= 0.743 (0.010) - =0.226 (0.010)
= 0.636 (0.050) = 0,193 (0.050)
Sw-Sp R = 0.546 <V 520 050 - Sw-Sp R = 0.426 >\/ 5% 001 *
Sw-Br R = 0.223 <V 5-F5 050 - Sw-Br R = 0,276 >\/S.Po 001 *
Sp-Br R = 0,128 <,VS.P0.050 - Sp-Br R =0.012 <V5.F, .o -
t-test Sw-Sp z = 3.8T1 P < 0.00% +
(or s) o
Sw-Br t = 2.219 p = 0.028 +
dfa3tt
- Sp=Br ¢t = 2,244 p = 0.0352 +
df=58

Table III,2-

3. Comparisons between samples.
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correction for df whenever required (table I1II,2-3)-
reveals significance, for males, between combined
Swedes and Spaniards at better than the 0.001 level,
but only at 0.028 and 0.032 for Swedes-British and
Spaniards-British respectlvely.

All statlstlcal differences between the pure’
groups and their corresponding 2/4-groupings are far
from significant, except among Spanish females
(p=0.,016). Some of the Spanish and British samples
are small but their score distributions do not depart
from normality (only two of the big samples do) and
the homogeneity of variances condition did not have
to be violated here, for which reasons the results
of the z and t tests are totally reliable (Hays,
1981). The mean statures in metres for the comblned
Swedes, Spanlards and Brltlsh are respectively: ,
1.803 (s =0,056), 1.743 (s =0,004) and 1.766 (s =
0.003) for males, and 1,665 (s2=0,003), 1,625 (s2=
0.004) and 1.623 (s2= 0.005) for females. It would
be wrong, however, at least in the case of British
and Spaniards, to try to predict population stat-
istics from these fiqgures since students are every-
where normally taller than their counterparts., This
may perhaps be especially true of Spain, where the
advent of the living conditions reputedly associated
to this generational increase in height is both less
generalized and more recent than in either Sweden or
Great Britain.
~7) Eye

None of the Swedish, Spanish or British sub-samples,
within each sex, showed significant differences with
respect to their cohnterparts, for which reason they
have been re-groupéd into combined Swedes, Spaniards
and British (table III,2-4). In order to be able to
rely on the xz-test some re-grouping of categories
was necessary for Spaniards and British (mixed and

light eyes togsther).




Swe + Aawe

Spa + Aspa

Gb + Agb

Swe+ Aswe
Spa+Asps

Gb+Agh

T 23 & 18 ' 2 ¥ 3038 45 154
g 4] 20] & 0] |iT7ess 2] s6] 48] s 1] e
EIEIBEEEEREDL] o] 17| 0| O % o] &
s 29 8 41 2 210 315 T 75 5% VI 1 %2
2’ = 2.080 3 = 0.5%6
p = 0.350 » = 0.861
n 2 3 6 1 8 T 2 3 ¥ 58 s
|
9 6] 41 9f 59 54 222039y o 121 ul o vq 3| 38’
o o 91 11 45 & il ] 1 o 44 1 82
7 %5 10 68 65 267 472 1146 49 © 260 4 460
2% « 1,897 s? = 0.270
b = 0,387 » = 0.861
+ 2 % 5 1 8 Tt 2 3 38 35 45
¢ 15| s3l 15| sl s sl 104 2 61| 15 o zio]au
: s| | 2f s of 1 19 5| 10 ‘°1°j'9
16 63 17 18 3 4123 277 T 17 0 2 o1
22 = 0.000 22 = 0.152
p = 0.99° p = 0.700
T 2 % & 1 8@ 1 2 235 0 35 &5
51| 111|217 20 e e ve| 81 17| o 2{ e 116
b o ] 1] v] of 4 1w 2l 10] 2 0| o] o 1w
18 64 12 22 2 12 130 8 9 19 6 2 0 1%
22 = 0,038 22 - 0.034
p = 0.840 p = 0.860
1 2 3% 6 1 8 Y 2 73 30 5 &5
o 7] 1 3] 6] 6] 33 ol2s]| S| 1] 3] o]
d o 4| .3{ 2| ol &) 13 ol of v| 1] of 3
0 11 4 S5 6 20 46 0 S5 2 4 ¢ &
22 = 2.434  2° = 0,090 2l = 0.218
p = 0.120 p = 0.760 p = 0.650
{14243} (1+2)
T 2 3 6 71 8 1 2 5 0 35 &5
AT 1] 6] B 1 4] 13 |e6 o[scl 8| 3| e{o0 |
Q o] | v] 21 1} 1]6e ol s! v| st1lo] s
4 12 7 10 S5 W %2 035 10 4 5 O 52
22 ¢ 0.106 2! - 0.017
p = 0.750 p = 0.700
1 2 3 6+7+8 ’ 1 2 23 30+43-5 4-5
4
1
1.52% 10.673 2,287 85.515 0.389 28.368 13,601 56.995 0,647
i
14.229 50,198 11.462 24.111 | ; 17,787 66.403 14,229 1.581 0.000
i
4.082 23.469 11,224 61.22§4J i 0.000 69.388 15.306 15.306 0.000

Eye Hair

®able III.2-4. Proportions of the different categories for
pigmertation of eyes apd hair,

Legend.
1. Bye colour: )
1 = black and dark brown, 2 = medium and light brown,

% = mizxed, 6 = greenish, 7 = greyish, 8 = bluish.

2. Hair colour:
1 = black, 2 = medium ard dark brown (with/without s

reddish tint), 23 = 1ight brown, 30 = ash blond,
3.5 o reddish blond, light blond, platino dlond and
albins, 4-5 = reds.
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The proportions of brown (including dark), mixed
ahd light eyes, both sexes together, were respect-
ively: 12,198 per cent, 2.287 per cent and 85.515
per cent (Swedes); 64.427 per cent, 11.462 per cent
and 24,111 per cent (Spaniards); 27.551 per cent,
114224 per cent and 61.225 per cent (British).

8) Hair |

The saTe kind of re-grouping with similar results
for the x?-test was made for hair (table III.2-4),

The proportions of dark (including black), light
brown and light haired individuals were respectively:
28,757 per cent, 13,601 per cent and 57,642 per cent
(Swedes); 84,190 per cent, 14,229 per cent and 1.587
per cent (Spaniards); 69.388 per cent, 15.306 per
cent and 15,306 per cent (British), :

9) Duia and dfh

In spite of the time of year during which the
‘measurements were made (mainly late autumn and winter),
the Suedes appear concentrated betwéen roughly the
eighth and the thirty Fifth weeks counted backwards
from the testing day (both weeks included), About
3/5 of the total fall in the second half of this
range.,

Most of Spaniards had sunbathed between thirty and
forty weeks ago, the range extending closer to the
‘origin of time for the forehead.

The same is true for the British for the period
between tmenty and forty weeks backwards from the
testing day. But here, the distributions for uia and
fh are practically identical, .

With.the exception of Asve, males and females, all
subsamples which are not too small for normality cri-
teria to be applied show significant deviations from
normality (table I1I,2-5).

10) Cr-, cr-now, sboften, sloften and hat

In every case the distribution differences within

-

each pair of homologous sub-samples are far from

significant, except for variable crfhnow (Swedish




females: p=0.0675 Spanish males: p=0.079) (table

1I1,2-6)., The sub-samples were cansequently recom-

bined
d Sve ¢ d Spa ¢
25,014 22.878 39.814 37,622
13.578 10.387 22,017 16,639
24,564 31.514 11,060 24,995
3.799 3.044 3,432 4,007
219 337 70 74
o Asve g d Aspa ¢
22.200 20.550 48,900 34,714
9.983 9,633 32.385 1,976
-1,251 -1.,474 4,244 0,185
-0.484 -0.359 2,188 0.370
25 20 10 7
o Sve ¢ d Spa ¢
23,430 20.€27 28,633 26,743
14.145% 11.295 24,0€0 20,712
20.494 21.586 8.362 9,706
3280 2.240 2.380 2.116
. 238 371 98 109
d Asve ¢ d Aispa ¢
22.200 16.958 44,818 28,000
9,983 10.486 33.573 13.435
=1.251 -1,640 3.873 0.630
-0.484 0,112 1.8584 -1.55C
25 24 1 9

Table III.2-5.

g e 9
34,704 30.791
15.930 9.775

7.269 17.904
2.599 3.354
27 43

d agd ¢
4€,600 28.667
22,244 2.887

1.7 -

1.461 1,732

5 3

d G 9

33.821 30.568
16,314 2.773

6.691 17.727

2.360 3.351
28 44

d Agt 9
46.€600 28,667
22,244 2.887

1.771 -
1.4€1 1.732
5 3

Duia, dfh (frecuency distributions).
rurtosis figures are referred to zero.

into just Swedes, Spaniards and 3ritish. All

nean
st., dev.
xurt.
skew,

R

mean
st, dev,
xurt,
skew,

mean

st, dev,
urt.
skew.

|

Zean
st. dev,
rurt,
skew.,

these behavioural variables are dichotombus and the
a;lotment of cases within the combirned samples dif-

fers significantly (p< 0.001) from a fifty-fifty
split, except for the following variables: hat
(Swedes and British, both sexes: n.s.), sboften
(British males: ne.s.; British females: p=0.017),
crfhnow (British females: p=0.022), crfh (British

females: n,

Se)e

The picture then, if our samples accurately re-

present the populations from which they were ex-
tracted (table III.2-7), is that of people among
which not less than 67 per cent (Swedish males)
sunbathe 'often' (except for British males, n.s.)
whereas feuw, nevér mare than 7.5 per cent (Swedish
females), use a sunlamp 'often'. While getting irra-

diated, not more than 40 per cent (Swedish females)
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SVE + ASYS (2/4)
sruis eruianow sboftem sleftem
s o o 1 [ R
Fr 44 28| 022 TO j155 | 233 226 6| M2
. ] 8] 4 6] 35| »1 o 2| s
B L. ] -
229 45 %4 74 0 M 9% 190 284 s 8 283
2
x° « 0.009 z¥ = 0.016 2% = 0.003
p = 0.920 p= P e 0,94 p=0.9%
[2:9 ) lzml o] [ % no]
1 e
2= 11,085 s = =16,49% s = 5,637 5 = 15,812
p < 0,00t o p < 0,001 o p < 0.001 » . P < 0,007 »
erfh erfhnow hat
o 3 o 1 o 4
198 - 26 |224 226] 2] 2t 1!4 123] 241
0 5745 6| 0] 46 29 36| s7
238 3t 269 272 24 139 159 298
22 = 0.026 2 « 0.097 2% - 2.256
P = 0.87% p=0.752 pe0.134
= P ™
8 = ~12.560 s = -16.521 8w =1,101
p < 0,001 » P < 0,001 » p = 0.271
SV + ASYR (2/4)
eruia eruianow sboften sloften
o 1 o 1 e 1 0 1
209146 | 355 341 131354 | 43| 325]368 3361 26 | 362
2] 24} 66 601 61 66 8 59 67 61! 6] 67
251 170 421 401 19 420 51 584 435 397 32 429
2% = 0.345 12 = 2.63 2% = 0.022 x? « 0.068
P = 0.555 p = 0.106 P = 0,887 p = 0,791
l zsr!no! tm’r 1?‘ [5! [!o;l lsw[!ﬂ
: : I
s = -3.899 s = -18.569 s = -15,918 5= -17.574
P < 0.001 » p < 0.00% « P < 0.001 » p < 0.001 &
_crfh erfhnow hat
[} 1 [} 1 ) 1
—o— L, -~
229! 119 348 266] B0 ; 346 179 | 184] 363
N ) !
¥
41i 18 65 58, eJ 66 32| 44 76
276 157 413 J24 88 412 21t 228 49
xz - 0,772 2% - 3.365 x’ - 1,03%
P = 037 p = 0.067 p = 0.317
{ ! sel
[216 13 iszc 88 21
s = -6.791 8= -11,564 s = 0,764
p < 0.001 ¢ p < 0,001 &+ 9 = 0,447

Pable III.2-6, The exposure variables: categories and frequencises.

Legend,
O =no, 1 = yes.

d

t




eruia eruianee
[] 1 [] 1
93 T 100 99 1| 100
18 \] 19 19 -] 19
1M 8 119 118 1 119
22 = 0.0%0 2 - 0.87
p = 0.82% p = 0.343
[111' aJ Pwl 1J
s = =9.350 s = -10,634
P < 0.001 + p < 0.001 »
erfd erfhnow
[+] 1 [+] 1
94! 6 100 lt 971 3] 100
1
It
11]‘ rJ 19 i 16 3| 19
111 8 119 13 6 19
x% = 0.050 R RIT
p = 0.879 p = 0.079
e Lol
s = -9.550 5. -9.77
p < 0.001 + p < 0,001 +
eraia erviance
-] 1 9 1
90} . 17} 107 109 71 110
10 3 173 14 o© 14
100 20 120 17 T 124
x? = 0.069 22 - 0127
P =0.T9 p = 0.T51
s e -7.212 s = -9.789
p < 0,001 + P < 0.001 »
asxfa erfhnew
0 1 (] 1
74} 334107 T4 36| 110
7 [ 13 12, 2 14
.81 59 120 8% 3 N
x’ - 0.639 82 - 1.214
» e 0.438 pe0.273
s = -3.743 s = -4,22
» < 0,001 + p < 0.00% «

SPA e M (2/8) ¢

sheften sleftom
o 1 -] 1
E o] TT|108 100{ 0 |100
T1 12| 19 19] o} 19
30 89 119 19 0 119
!: = 6.97 .
y» = 0,317 pet
HE
3 = 5317 s = 10,817
P < 0.001-+ p < 0,001 »
hat
-] 1
T 31 102
14 3 17
85 34 119
x% = 0.619
p = 0.438
s o 4,588
p < 0.438
sra - amra (2/4) ¢
sdoften -loﬂi
o 1 [ \J
1 111 110 11119
M 1 14 M 0] W
18 107 12% 124 1 125
2 e 1,437 52 - 1.526
p=0.2356 p = 0.220
s = =7.8T1 s = =10.912
p < 0.001 ¢+ p < 0.001 +
st
-] 1
7] 13| 110
147 ¢} 14
117 13 124
I, = 0.804
p =037




eruis sruianew sbeften
o 1 o ] [} ]
7t 5] 32 52 O 32 131 19| 32
1" 1 ! 12 12 © 12 H 6 13
. :
38 [] 4“4 44 o 44 20 2%
22 = 0.018 2’ o 0.229
p = 0.888 p= P = 0.654
] (9 [0
s.= ~4,673 8 = =6,48% s ® -0.5%
P < 0.00% » P < 0,001 » p = 0.55¢
erfh orfhnew
o 1 o 1
24! 8 32 l so] 2| 32
1M 1] 12 [ 1l 1] 12
% 9 « 41 3 44
22 = 0.642 2% = 0.183
= 0,438 P = 0.655
2 [
s = =3,769 s = =5.578
P < 0,001 «+ p < 0,001 +
eruis eruianow sboftam
R 0 1 o1
351 11] 46 44 1 45 . 1% 34 46
2 2! 4 3 1 4 T % 4
37 13 350 47 2 49 16 34 50
32 = 0.299 x2 « 0.708 x? = 0.060
P =0,584 p = 0,371 » = 0.867
nnlLsEEE
L -
s = -3,253 ‘s = —6.206 2. -2.404
P < 0.00% » p < 0.001 ¢ P =« 0,017+
erfh erfhnow
o o 1
28] 17] 45 so| 15] 48
il ¥ 4 3 1] 4
2 20 & 33 16 49
x2 = 0.848 2? < 0.029
p = 0,360 » = 0.863
l zsl 20 I 53] 16
8= ~1,143 = =2,286
p = 0,259 P =0.022 ¢

s (28) ¢

oleften
] |

59 o] s2

1% of 3

48 0 45

pe

19

s = -6.5%9
p < 0.001 ¢

hat
o 1
12i 20| 32

9| 4| VI

21 4 &

22 = 2.574
p = 0,107

EIE]

g = <0.298
p = 0,700

@+ 263 (/s) o

sloften

2o

40 4

8 2

lz = 0,181
P =037

KR

s w =6.364
P < 0,001 ¢+

s w =0,139
p » 0.889



protect their upper inner arm with some kind of cream
and not more than 33 per cent (Swedish females) pro-
tect their foreheads in the same way (except British
females’ 41 per cent, n.s.). Not more than 6 per cent
(Spanish females) used some kind of cream on the
inner arm while being tested and not more than 33

per cent (British females) retained some make-up on
their foreheads during the test, Spaniards (espec-
ially girls) clearly favour bare foreheads, while
British and Swedes do not globally show any prefer-
ances., ‘

As a whole, greater proportions of women than men
expose themselves often to radiation (natural and
artificial), protect their skins with cream or oils
during the exposure and were using cosmetics while
being tested. The differences are not, however,
significant in all cases: excepting hat =-which only
departs from the fifty-fifty split within Spaniards-
all variables shou extremely significant differences
between sexes among Swedes (apart from sloften:
p=0,014); all but sloften -hat included- show or
abproach significance among Spaniards and only for
crfh and crfhnow do the betuween-sex differences ap=-
proach or even show significance among the British,
Without doubt some of the bizarre British sunbathing
behaviour may be due to the small size of the samples
which have by chance picked up some rare proportions
or which are not big enough mathematically to produce
a significant X2z ‘

When comparing samples, within each sex (table III.
2-7), a different complementary picture -broadly
similar for males and females- emerges., According to
it Swedes and Spaniards indulge in frequent sun-
bathing in higher proportions than the British, and
more Swedes use sunlamps than either the British or
Spaniards (also British females use them to a greater
extent than Spanish females). As for the use of pro-

tective o0ils and creams, it is mostly Swedes who
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Between sexes B 4 Betwsen samples ?
2 erula 0 ! o !
X 000 + Sw 229 45 x° = 5.886 251 170 22 = 22.017
p =0 .+ 83.577 | 16.423 p = 0.015 & 59.620 | 40.380 | p = 0.000 +
° = 4.9 Sp. RN 8 z2 = 0.061 100 20! 12 = 3.308
p = 0.029 + " 93.277 | 6.723 p = 0.807 83.333 | 16.667 | p = 0.070
x2 = 1.518 s, | 38 6 2% = 174 37 13, = 1
p = 0.221 | 86.364 | 13.636 p = 0.273 74,000 | 26,000 | p= 0.23%
crulanow 0 1 [o] 1
x? =11,102 274 0 22 = 0.185 401 19° 22 = 0.096 (tot.)
p 0.001+ i p = 0.655 95.476 | 4.524 ! p = 0.957
x2 = 3,023 118 1 x2? = - 117 7
p = 0,083 : 99.160 0.840 p=1 94.355 | 5.645
x2 = 0.408 ‘ " 0 x2 = 0.270 7 2
p = 0.527 p = 0.584 95.918 | 4,082
sbofter o 1 [o] 1
x2 47,440 Sw, | 9% 190 % = 2.094 51 364 2% = 0.420
p = 0.000 + | 33.099 | 66.901 p = 0.150 11.724 | 88,276 p = 0.527
2% = 3.850 sp. | 30 ; 89 x2 = 1.736 18 107 x2 =13.829
p = 0.048 + 25,210 : T4.790 p = 0.190 14.400 | 85.600 p = 0.000 +
2% = 1,075 Br. 20 25 x% = 4.829 16 34 1% = 5.988
p = 0.294 44,444 | 55,556 p = 0.028 + 32,000 | 68,000 p = 0.015 +
sloften [¢] 1 0 1
x2 = 6,055 Sw. 275 8 2% = 2.136 397 32 12 = 6,520
p = 0.014 + 97.137 | 2.827 p = 0.150 92.541 | 7.459 p = 0.011 +
x2 = 0.001 119 ) x2 = 0.387 124 1 22 = 0.373
b = 0,975 Sp. _ p = 0.527 99.200 | 0.800 p = 0.527
22 = 0.410 45 0 = - 48! 2 2% = 0.687
p = 0.527 Br. : B p=1 96.000 | 4.000 p = 0.403
erth 0 1 0 1
x? =39.961 5w 738 31 22 = 1.606 276 37 x2 = 0.880 (tot.)
p = 0.000 + * | 88.476 | 11.524 p = 0.206 66.828 | 33.172 p = 0.638
x? =23.525 %p m 8 x® = 1.964 81 39
p = 0.000 + * 193,277 | 6.723 p = 0.157 67.500 | 32.500
x2 = 3.580 Br. 35 9 22 = 5.097 29 20
p = 0.058 79.545 | 20.455 p = 0.024 + 59.184 | 40.816
crfhaow 0 1 [+] 1
22 =59.644 Sw 272 2 22 = 5.725 324 88 x2 = 4.069
p = 0.000 + + | 99.270 | 0.730 p = 0.018 + 78.641 | 21.359 p = 0.046 +
22 =25.146 . 13 6 x° = 5.572 86 38 22 = 2.584
e 0 . De | 94,958 | 5.042 p = 0.018 + 69.355 | 30,645 p = 0.107
P .000 4
22 - 7.995 e 4 3 .x° = 0.003 33 16 x2 = 0.006
b = 0.005 + 93.182 | 6.818 p = 0.940 67.347 | 32.653 p = 0.938
hat 0 1 ' 0 1
x2 = 0.092 Sw 139 159 x? =20.026 211 228 x° =66.178
p = 0.764 ° | 46.644 | 53.356 p = 0.000 + 48.064 | 51.936 p = 0.000 +
22 211,602 sp 85 34 x = 0.025 11 13 x = 0.021
P = 0.001 + © 1 71.429 128.5T p = 0.875 89.516 | 10.484 p = 0.887
22 = 0.004 ‘ 21 24 x = 7.709 25 27| x =33.502
p = 0.950 Br. | 46.667 | 53.333 p = 0.006 + 48,077 | 51.923 p = 0.000 +

Table III.2-7. The exposure variables: frequencies, compa-
risonas between sexes and between samples. ’

Legend,

1, Samples and recombinations from preceding table.

2. In the between samples calculations, the chi-square values
correspond in the specified order to the comparisons Sw-3p,
Sw~Br and Sp-Br respectively. In the between sexes compari-
sons they correspond to those within Sw (Swe+Aswe), Sp (Spa
+Aspa) and Br (Gb+iab).

3, Prequencies below the observed values are relative (%),

4. In & pair of cases, the global (tet.) chi-aquare value was
found to be non-significant (highly s0) and no further com-
parisons were nmade.
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protect their upper inner arms in this fashion, fol-
lowed by the British and then by Spaniards, while

-if conéidering the forehead- the British come first,
followed by Swedes and then by Spaniards. On the

sub ject of eventual interference with the reflec-
tance test, owing to the presence in situ of creams
and cosmetics, it will be said that very few people
had them on their arms but they were more frequent
on their foreheads: for the inner arm there are no
practical diFFerenées, but for the forehead the
British come first, colsely followed by Spaniards
and -at a certain distance- by Swedes. Significance
is not always attained. Among males, only for the
following variables and cases is significance reached
or approached: cruia (Swedes vs. Spaniards'-0.015),
sboften (Spaniards vs. British -0,028), crfh (Span-
iards vs. British -0.024), crfhnow (Swedes vs. Span-
iards =0.017- and Swedes vs. British -0.018) and hat

(Spaniards vs. Swedes - 0,001~ and Spaniards vs.

British -0.006). Among females the same situation

is true for: cruia (Swedes vs. Spaniards -<0.001-

and Swedes vs. British -0.070), sboften (Swedes vs.
British -<0.001- and Spaniards vs. British =0.015),
sloften (Swedes vs. Spaniards -0.011- and perhaps,
had the British sample been greater, alsc British vs.
Spaniards), crfhnow (Swedes vs. Spaniards -0.046-

and perhaps, as above, Swedes vs. British) and hat
(Spaniards vs. Swedes -<0,001- and Spaniards vs.
British -<0.001).

Six samples have been extracted from the Swedish,
Spanish and British populations, with a good coverage
of social strata in the Swedish case, In spite of
conforming to two different criteria of 'purity', no
significant differences could be elicited betuween the

samples in each pair for most of the characters con-




sidered - the socioeconomic, behavioural and pig-
mentary variables (excepting the reflectance rea-
dings) = for which reason they were combined to-
gether into three composite samples.

Application of the normality criteria, uwhenever
pertinent, revealed significant deviations from nor=-
mality - except in the case of variable tall,

With respect to the behavioural variables, no sig-
nificant differences between 'pure!‘ and 2/4 'pure’
samples could be elicited, but some appeared between
samples and between sexes. As average, Swedes had
sunbathed more recently (minimum 8 weeks) than either
Spaniards (minimum 30 weeks) or the British (minimum
20 weeks)., Swedes and Spaniards are more frequent sun-
bathers than the British, and men less than women -
within each sample. The use of protective creams in
connection with sunbéthing is more extended among
Swedes, and even the British, than among Spaniards.
Cosmetics are mostly used on the forehead, with the
British and the Spaniards using them more frequently
than the Swedes., There practically no differences
between samples concerning their use on the inner arm.
The Spaniards expose their foreheads significantly
more than either the Swedes or the British,

For all these variables, the picture of similari-
ties and divergencies -follows similar lines in both

SEXESe
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Patterns of exposure. Associations between variables,

In order to pave the way towards a deeper insight
into the nature of the samples it is necessary to
become acquainted not only with its distributions of
frequencies but also with any existing associations
between variables, The subject of the associations
- or correlations - between the independent variab-
Ies and pigmentation, the dependent one, will be
treated in another chapter; here only the associa-
tions between the independent variables will be stu-
died. Those existing between behavioural variables
are shown in table C.1 (appendix C).

It is clear that variables sboften and sloften
are not associated in any way, although significénce
levels steadily increase with sample size. Because
of this and since their effects are additive, and
also trying to keep the number of independent variab-
les.as low as possible, they were reconverted into a
new composite variable, uvoften, acdording to the

procedure shown below,

51 1f SBOFTEN £Q 1 AND SLOFTEN EQ 1) UVOFTEN=2
52 1Ff SBOFTEN EQ 1 AND SLOFTEN €£Q 0) UVOFTEN=1
53 1IF SBOFTEN E£Q 0 AND SLOFTEN EQ 9) UVDFTEN=1
54 1IF SBOFTEN EQ O AND SLOFTEN EQ O) UVOFTEN=D
55 1IF (SBOFTEN EQ D AND SLOFTEN EQ 9) CR

56 . SLOFTEN EQ D AND SBOFTEN EQ 9)) UVOFTEN=D
57 1Ff (SBOFTEN EQ 1 AND SLOFTEN EO 9) OR

58 SLOFTEN EGQ 1 AND SBOFTEN EQ 9; UVCOFTEN=1
59 If SBOFTEN EQ 9 AND SLOFTEN EQ 9) UVOFTEN:=9

It was still felt that this was not sufficient
since some people preferentially expose only certain
areas of their skins to radiation. This kind of in-
formation is stored in variable habit. Accordingly,
uvoften, in combination with habit, was transformed
intovvariébles habitu and habitf which convey infor-

mation on the level of UV-radiation intake at the

" inner arm (habitu) and the forehead (habitf) respec-

tively. The logical paths of conversion are as fol-

lowing:
85 IF . HABIT EQ O OR HABIT EQ 1) HABITU=UVGFTEN
B¢ IF éHABIT €q 2; HABITU=D
87 1IF HABIT EQ 9) HABITU=9
e 1IF MABIT £ O OR HABIT EQ 2) HABITF=UVOFTEN
69 If HABIT EQ 1; HABITF =0
90 IF HAB1T EQ 9) HABITF=UVGFTEN
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0.14 0.149 lo.,221 0.160 10,121 0.26¢
' .
Joiooo P€j0i262 1?0353 37,6000 368 fo.080 '"7]o,065  4®
erutanow - 2) j0.000 (1) ! (1) (2) (2) (2)
Babitu 1,000 i ! i
0.055 ' T s - -
0.055 ! 0.025 ‘0,033 ]o [
241 112 7 . 045
o.560 121 3757043372 ol43y 120007, 4B
erfhnow - (2) |0.000 (1); (12925 (2) (?)i (2)
babitf _ 11,000 ! 0.345 .
0.046 ' 10.07¢ i -
0.010 0.04¢ 0.220 10.03¢ -0.070 0.03%
lo.s7e 110000 ""2jo.sa7 37 0,357 € iosre %0014 48
babitf - (2) ;0,377 (31 (1) 2,236 (2) (2); T (2)
newhat _ 0.53¢ _ lo.28e _ "0.327 !
0.08% 0.231 0,076 T -
0.093 c.oe3 0.231 0 033 10,042 {0.01&
0.152 4%j0.501" 1€ c'50,  37,0.4kk >*> Joiaz9 "¢ i0l0se
babitu - | (2) jo.192 (1) (1) 9.245 (2)i (2), (2)
cruia - 1 i0.662 ‘0,016
cruianow : @;0.082 < 10,161 @ ¥ - S -
(erui _o) 10,198 10,082 0. 20¢ 0,118 ‘0. 161
eruienow=0) 0 000 ?35.0 663 1—11.0-“5 37 so. 005 357 10,131 110;-0.230 A€
i (0), ' (2); (2)! (2)
| | - |
: : ; 10,095 ;
{cruianow=1) o ? 06,927 3 , 1: 2
babits - (2):0.98¢ (1) (1).1z.970 {2) (2)] (2)
erfh - :0,321 1@, 002 ;
erfhnow 10,143 i 10,214 <:> ) - -
. 146 0. 143 f0.200 ‘0.150 16,100 i0.23¢ .
fertrnows0) c.000 22%i0.32¢ %0 ec3 35 g.oon 283 clzaz  T%io.pir ¥
(0) : (1) (2); (1),
,/1.000 j . : 1/0.2¢2
H = i = H -
! :
.0.200C -0. 15% C.0¢% - 0,368
(ershnows=1) 23000 6, 2 jc.10¢ 8C !o ees 57 lé ;9= Ve

able JII.3-1.

rFerd,
In some cas

Associetions between

es the rumber of

tekevicurael veriahles.

enplied, ir which case they were omitted.
A}l sisnificance levels are two-ta

iled.

rows and/or the nunber of columns, owing
to empty cells, were too small! for certair statistical tests to te

Statistics 1 to 4 show two alternatives each. The most proper was in
every case estimated.

Due to too small sample size ard/or too low cell freguencies, using
x? was not always advisat’e., For that reason ¥endall s tau has also
been celculated. (Siegel, 1956; Kendall, 1970).

Cramer s V/Phi is always bassed on the raw chi-square walie, as giver
by the SPSS crossiebs subprogram. Since the function of this statis-
tic is to give an idea of the asscciation’s sirength, which Kendall”
s tau also gives, no attempt was made to recalculate it whenever

the use of the corrected chi-square was found appropiate.

The Kendell ran} correlation coefficients have been calculated con-
sidering ties and correction for continuity (vendell, 1970).

Each of. the variahtles can be considered as ordinal. All variables
are dichntomrus except hebitu ard hahitf, whiech have three cetego-
ries, of which one is frecuently empty.

165



Within the samples there is a clear concentra-
tion of the less frequent categories of variables
sloften, cr- and cr-now (which correspond with
those using quartz lamps creams and cosmetics) in
the top-ranking categories (1 and 2) of variables
sboften and habit- (table III.3-1), In other words,
there ére, in absolute numbers, more wusers of sun-
lamps, tanning oils and cosmetics or skin creams
among those exposing themselves often to UV-radia-
tion, Without doubt,and especially when considering
cruianow and crfhnow, this may be partly due to the
high proportions of exposers among Swedes and
Spaniards (both sexes) and - to a certain extent -
among British females as well, Significance is on=-
ly attained by Swedes (o and g¢) at better than the
0.01 level for all tabulations involving cruia,
crfh, habitu and habitf, even when cruianow and
crfhnow are controlled for. Spanish and British
females approach significance at the 0,05 level for
the tabulation crfh-habitf, The use.ef hats and
hair Fringeé does not show any traits of signifi-
cant association with exposure (habitf-newhat).

The proportions of exposers (variables habitu
and habitf) differ little from those previously ob-
tained for sboften. They are also very similar when,
within each sex, comparing the inner arm with the
forehead. The results are shown in table III,3-2.
Among men, at both sites, exposers are commonest
among Spaniards (around 75 per cent) and least fre-
quent among the British (around 54 per cent), while
Swedes fall in between (about 65 per cent). Among
women, Swedes belong most often to that category
(around 88 per cent), closely followed by Spaniards
(around 85 per cent) and last by the British (about
71 per cent). Differences between proportions are
significant at both sites only between Spaniards
and the British, in the case of men., Among women,
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- Swe + Agwe

(sw.)

Spa + Aspa
(sp.)

Gb + Agb
(er.)

Swe + Aswe
(Sw.

Spa + Aspa
(sp.)

Gb + Agd
(3r.)

lct f4.64

s =-14.71

x = 45,79

=5.20

-7.58

3.04

‘0033

-2.86

2,06

-4,90

-

£ =-14.75

44,54
-5.20

-7.76

3.68
-0.33

-2.74
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p=0.17 37 48 85

Table II11.3-2. Differences in the proportions exposers/
non-exposers, between sexes (within sample) and between
samples {within sex).

Legend.

1. O = non~exposer. 1 = exposer.

2. Within each pair of figures attached to the 2x3 cross-
tabulation tables , the firat one corresponds to the
chi-square statistics and the second one to its p.

3, 3/4-criterion of 'purity' applied to the samples.




differences are significant at both sites between
Swedes and the British and also between Spaniards
and the British at the forehead. All accepted
significance levels are better than 0.05, and in
some-other instances, the differences approach
significance at that level, (Swedes vs. Spaniards:
inner arm; Spaniards vs. the British: forehead).

When comparing sexes at each site, they differ
significantly only among Swedes (q=0.000), at both
the inner arm and the forehead, but approach signi-
ficance among the Spaniards. Within éach sex and
site, the proportions exposersﬁ1mmexposers differ -
significantly from the FiFty;FiFty split among
Swedes and Spaniards (both sexes and sites) and
among British females (both sites).’ '

The Swedish sample to a much greater extent than
the other two present a great dispersal of values
for the age variabie. Sunbathing habits are to be
expected to change somewhat with age. And since
amongAthem habitu and habitf are presumed to be of
the most importance, in addition to being the only
two non-dichotohous values so far, it seems con-
venient to study their association, if any, with ..
age., Since habitu and habitf appear broadly similar,
in fact they even present almost identical frequen-
cy distributions, only age-habitu will be studied
and the general features of the conclusion will
- for the moment - be extended to age-habitf as
well, The SPSS one-way (analysis of variance) sub-
program allows us to study differences between sub-
groups as well as the existence of curvilinear and
linear trends. It must be borne in mind, however,
that if the predominant underlying trend for the
variation of habitu with age is curvilinear - espe-
cially if it includes one or more inflexion points -
there is a great risk that habitu’s categorization
will distort the nature of the variability, or

even let it pass undetected. Figure III.3-1 suffi-
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cigntly ilustrates the point for two of the most

simple ceases.

Ay
RSO

r‘ 1 x—T.-"L -.'L T
as) quadratic trend b) quadratic trend

2
Y = Bzx + P1Z + A Y= BZX2 + B,! + 4

I. five categories
II. three categories

I. two categories

Pig. III.3-1. In grephs (a), (b}, (c) and (&) tbe clouds of points
" represent for two differert sazrles the val ues of variable Y as a
fonetion of variatle I. Both variates are continuous. The best fits
are s guadratic curve and s cubic curve, However, if I is dealt with
as a categoric variate the goodness of fit depends directly or the
puzbher of categories and or their relstionship to inflection peinte
raxims and minima. fhe puxber -of categories may be too small for
eliciting the real trend and, instesd, & severely distorted one may
be detected - for irstance,-at (b) I, (¢) II ané (&) II. In genersl.
if the subgroup meens ir a onewsy analysis of veriance are to cha-
racterige those categories, a purber of thec equal at least to the
degree of the best fit rlus one is recommended, Fotice that the ca-
tegories 0f X may corresoond to unequel irtervals of the underlying
corntinuous variation - for exazple, at (a) 11, Indeed, it may turn
out icpossible to gusrarntee arytting else.

e) ecubic trend

1=23x’¢nzxz’«n1x¢.

1. four categories
II. three categories

d) ecutic trerd

!=25X5¢'52X2¢B‘10A
1. seven categories
IX. two categories

We have no way to increase habitu’s sensitivity

to variation with age, in case the number of

categories proves to be inadequate, but we can

study graphically that variation by plotting the

changes in relative proportions betuween habitu’s

categories, with 1 and 2 conveniently combined

together (fig., I11I1.3-2). Since category number 2

includes so few cases, the nature of the conclu-

.sions will not be altered significantly. The

function regressed on age is really a combine+

tion of number of cases and categoric values, in

fact habitu’s mean within each agegroup, which

- implies that habitu has been dealt with as inter-

val-level, one more reason to make it dichotomous

For'the present case., At each point the function
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plotted reveals, at that agegroup, its average
proximity to the one or the other condition, ex-
poser versus non-exposer., The trends are striking-
ly linear among Swedes for both sexes, and the
lines run practically parallel to the horizontal
(age) axis. Hence, it is permissible to use the
analysis of variance in relative safety. No simi-
lar scattergrams were plotted for Spaniards and
the British, since the agegroups which could pos-
sibly introduce curvilinearity into the picture
are empty. -

The use of the one-way analysis of variance re-
quires the fulfilment of three assumptions: ‘
1) normal distribution of scores within each
treatment population, 2) homogeneity of variance
across treatment populations belonging to the same
population, and 3) independence between errors as-
sociated with any pair of observations. Since the
data within each treatment population corréspond
"to independent observations it will be assumed that
the third requirement has been met. Unfortunately,
the age variable in all sémples shows gross de-
partures from normality, while homogeneity of
variance is at times absent from the samples, at
the 0.05 level, Considerable departures from nor-
mality can be neglected provided that group sizes
are relatively large, while heterogeneity of
variance may be disregarded whenever group sizes
are equal or a correction to the d.f. value - for
two-group comparisons - is otherwise applied (Hays,
1981). We shall then not rely tooc heavily on con-
clusions drawn from analysis of samples containing
small-sized groups (fewer than thirty cases) oOr
divided into more than two categories.

The results (tables 111,3-3) show a general
trend for decreasing exposure of the inner arm to

radiation with increasing age, although only among
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Partlett® P/t Partlett’s P/t
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Table II1I.%35. Obneway anova: age-hadbitu.

Legend., .

1, Swe+Aswe, Spa+Asra and Gb+Agb have been studied under two alterna-
tives: 'hatitu' as a dichotomous variatle (firet and pecord rows),
and habit: as a trichotomous veristle {first, third ané fourth
rows!. Conclusions based on the results of calculaticns ipvolving
the trichotomous alterrative are rnot always reliabtle.

2. In some cases (marked o) the Studernt-t hag beer calculated instead
of paraceter P, : .

3. Sigrificance (+/-) has been referred to level 0,05,
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sgegroup habitu n habitu’s mean agegroup habitu n habitu‘s mean
) 0 0 1 0 2
1 2 1,000 1 2 0.500
2 2 Of
2 o] 2 2 0 1
1 5} 0.750 1 91 0.900
2 1 2 0
3 0 13 ] 3 0 6
1 30 0.698 1 56 0,913
2 of : 2 7l
4 0 62 4 0 21
1 Q1; 0,605 1 150; 0.888
2 4 2 16;
5 0 16 5 0 24
1 43} 0.742 1 111 0.835
2 3 2 10
total ' 272 total 415

Pig. III.3-2. Variability of habitu with age {agegroup).

Legend.
1, Habditu=1 and habitu=2 bhave beer pooled together.

2. The upvper limite of agegroups 1 to 5 are 6, 11, 16, 21
and - for this survey - 75 years of age.

uia MALES fr

¢

x

Z/
-~ O
l” A

cruianow<\\\\r:l\\L:j, I

age

habitu

cruianow

\
crfhnow

age

Pig. III.3-3. Kinds of associations between independent variables:

+ for positive correlation, - for negative correlation. {a11 variables,
except age and days- , are dichotomous). (All correlations are simple)
Sw, Sp and Br stand respectively for Swedes, Spaniards and British. %o
the right hand side of / they indicate exceptions.
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Spaniards (d', 9) is significance attained (at bet-
ter than the 0.05 level). Swedish females approach
significance at that level, while all other samples
are far removed from any acceptable levels., Among
Swedish and British males at least within the bigger
samples the opposite tendency predominates: increas-
ing exposure with age., These results corroborate,
thus, what was previously obtained for the scatter-
grams, Differences between categories are signi=-

. ficant among Spaniards - males and females - at bet-
ter than the 0,05 level, with Swedish females coming
close.

ARll correlations between primary independent
variables havé been explored as well as a prelimi-

‘nary step to a multiple regression analysis; Eo be
dealt with later., The results (table C.1) for the
samples have for convenience been arranged into four
polygons (fig. I1I1.3-3), one for each site and place.
All four have the following in common: the correla-
tions between days-, on the one hand, and cr- and
habit-, on the other, are negativej; while the corre-
lations between habit-, on the one hand, with cr- and
cr-now (when this variable is not devoid of informa-

" tion), on the other, are positive. In other words,
users norﬁally had had their last exposure more re-
cently and tended both to use protecting oils and to

. have worn some kind of cream during the
test., The rest of the correlations are of less con-
stant type, especially among men, Significance at the
0.05 level or better is only attained in a handful of
cases, normally when either habitu or habitf are in-

volved. Significant correlations are: Habit- with cr-.

Habit- with cr-. For Swedish males at both sites.
All women at the farehead,

Habit- with days-. Among Swedish and Spanish males
atiboth sites. Approached by British males at both

sites,
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Habit- with age. Spanish males and Spanish and
British females, all at both sites (but the first
only approach significance).

The rest are considerably less simetric:

Cr- with cr-now. Among Swedish females at both
sites and Spanish females at the forehead.

Cr- with days-. Among Swedish females at the inner
arm and Spanish females at the forehead., Approached
by Swedish males at the forehead,

Cr-now with age. Among Swedish females at the fore-
head. Approached by British females at the inner arm.

Days- with age. Among Spanish males and females and

.Swedish females at both sites,

Newhat with crfhnow, Among Spanish males and Swedish
Fehales (at the forehead). ,
Newhat with age. Among Swedish males and females (at
the forehead).

Sunbathing activities and the use of sun creams
appear to be positively associated among Swedes. (both
sexss and sites), but no significant associations
could be elicited among the British or the Spaniards.

The proportions of exposers vs, Non-exposers
(new variables habitu and habitf) appear to differ
very little from those for sboften, and are very
similar when comparing sites within each sex., This
denotes the small extent of the use of sunlamps in
these poptlations and the existence of parallel
patterns of exposure for inner arms and foreheads,

Exposure of the inner arm to radiation seems in
general to decrease slowly with age, but significance
was only detected among the Spaniards (both sexes).

The intricate pattern of intercorrelations existing
between age and the behavioural variables is better

studied through the diagrams in figure III.3-3,



CHAPTER IV
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The impact of exposure on pigmentation.

Rlthough genetics is the main factor in de-
termining pigmentation, the importance of the en-
vironment - sensu lato - in modifying it can hard-
ly be denied. The visible effects of UV radiation
on human skin are well known to everybody., Ex-
haustive research has been conducted on aspects of
radiation effects at the histological and cellular
level, Briefly surveying what it has been reported
elsewhere (Edwards & Duntley, 1939; Thomson, 1951;
Jansen, 1953; Lee & Lasker, 1959; Harmse, 1964;
Ramsay & Challoner, 1976), the sequence of events
after irradiation of @ screen area and subsequent
withdrawal from further radiation, seem to be as
following: erythema comes as a first sequel 1mme-

diately followed by hyperemia (1ncreased blood

- flow, with displacement of the haemoglobinic ba-
‘lance towards the oxygenic side) - detectable by

increased skin temperature and increased pulse
rate. Diminished sweating rate, accompanied by
vesicular rash, can also appear. The new skin co-
ldur is, until now, pinkish-red and
the only part of the reflectance curve affected
by the new condition is the blue-green, which is
lower., Melanin starts forming, however, and lowers
both ends of the spectrum, but its effects on
the middle region are partly masked by the inten-
sive absorption exerted by the blood. When melanin
reaches the uppermost layers of the epidermis the

- whole spectrum becomes affected, specifically the

blue end., Colour has shifted to a darker and less

‘'reddish hue. Meanuwhile the hyperemic condition has

started receding: blood flow goes on diminishing,
the proportion of reduced haemoglobin increases
and long-lasting blood stagnation takes place.
with this last haemoglobin shift, the relative
depletion of the central region becomes less pro-

nounced. All these changes can go on during extreme-




ly lpng periods of time. In for insténce Edwards
and Duntley’s experiment, hyperemia is maximal at
11 hours, melanin at 19 days and blood stagnation
persisted for longer than nine months. Nine and a
half months after irradiation - a single one hour
exposure to the August mid-day sun - the reflec-
tance curve had not yet returned to its original
values (Edwards & Duntley, 1939).

In spite of all theoretical knowledge of the
effects of the external environment on pigmentation,
we have made little progress concerning the nume-

rical evaluation of the relationship, There are tuwo

'main obstacles. Firstly, we rarely have enough pre-

cise information concerning UV radiation levels in
the environment, and, secondly, human habits - in-
cluding the frequency and extent of exposure to ra-
diation - do not easily lend themselves to quanti-
fication. We are not better oFf concerning the in-
fluence of the internal milieu on pigmentation. No
attempt was made to obtain information on either

hormone-mediated abnormalities or cyclic changes of
the internal environment, the human body itself,

or the potential effects of nutrition in skin co-

.lour. Since certain parts of the questionnaire

were at this point controversial enough to some of
those tested and since the whole test was already
time-consuming, the experimenter felt it was advis-
able not to add any further questions. The impact
of age days~ and sex on pigmentation will be con-
sidered in more detail in other sections. Here uwe
will concentrate mainly on the effects of behaviour
on pigmentation., | .
When considered individually one would suspect
frequency of exposure to radiation to be the best
predictor ambng all variables regarding the in-
fluence from the external environment. We have, be-

sides, defined three categories for variables
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habitu and habitf, but the highest of them corresponds
to those cases frequently exposed to not only solar
radiation (uquten=1)'but also artificial radiation
(sloften=1) at the proper site. Since this last cate-
gory has very few cases in any sample, we wonder whe-
ther it would not be advisable to integrate cate-
gories 1 and 2 into one (exposers) as opposed to non-
EXpPOSers., Adcordingly, we will explore variable
uia9’s variation across habitu’s categories and ex-
tend our conclusions to the forehead as well. This
should be a valid strategy for purposes of orienta-
tion and any existing trend should appear more clear-
ly at the inner arm where, because of its being nor-
mally unexposed, differences between exposers and
non-exposers should be maximal, ,

Table IV,1-1 shows the result from a one-way ana-
lysis of variance for Swedes, Spaniards and the Bri-
tish, For purposes of comparison 'pure' Suwedes,
‘Spaniards ahd the British as well as Asve, Aspa and
Agb have been included along with the 3/4 samples.
The results for two and three categories are includ-
ed in the table. The third category is represented
by only 8 and 27 cases within the big Swedish sam-
ples (3/4 selective criterium) and by either none
or just one within the other samples. The homo-
geneity of variance assumption is a valid one for
all composite samples except for the Spanish females,
and for all individual samples except for Asve -males
and females~- anc Spa -females. In all these cases,
however, substituting the F-test by a simple t-test
for two samplés with a df correction for unequal
number of scores, a full-scale violation of the re-
quirement could be avoided. No serious violation of
the normality assumption has presumably taken place
either at this level, at least for the composite sam-
ples, since at an inferior level the groups selected

by combining categories of habitu and cruia (table
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Table IV.1-1. Oneway anova: uiag-habitu.

legend.
1, Swe+dmwe, Spa+Aspas and Gb+Agdb have been studied under two alterna-
tives: 'habitu' as a dichotomous variable (first and seccond rows),

2,

and hadbitu as a trichotomous variable (first, third and fourth
rows).

of parameter P,
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Conclusione based on the results of calculations involving
the trichotomous alternative are rot always reliable.
In some cases (marked #) the Student-t has been calculated instead

3, Sigrificance (+/-) has been referred to level! 0.05.



B.2) present good Figuresvfor normality at the ninth
filter (except for British males and females -
kurtosis).

There is a general trend for increasing pigmenta-
tion with greater exposure to radiation, which goes
unchallanged as long as none of the sub-groups’
sizes is smaller than thirty (at times not even then)
although significance is not always attained. Its
validity for the composite samples is practically
universal, the only clear exception being British
males (n.s.), with significance either approached or
‘attained by Suwedes (¢) and Spaniards (d" and @) - espe-
cially by the Spanish males. The same is true also
for Swe (9), Spa (d) - most evident again - and Aspa
(g).'The trend does not, however, appear as signifi-
cant when the correlations between uia9 and habitu
(dicategoric) are examined (table C.2), although it
does for the four/five first filters (eventually
some of the others-as well) among Swedes (d and 9)
and Spaniards (d). There is also a positive corre-
lation between cruia and habitu, eventually signi-
ficant (Swedish d: 0.,002) or close (Swedish 0: 0.074,
Spanish g: 0.082), whose effect on the correlation
between pigmentation and habitu has not been removed
and which could in principle be expected to be addi-
tive and reinforce habitu’s impact on pigméntation,
This is not, however, always -the caseas will be
seen later. .

Because of practical limitations concerning the
size of the sub-groups, deciding whether predictor
habitu should retain its three categories is really
a valid issue only for the two composite Swedish
samples, The greatest contrasts exist between cate-
gories 0 and 2 for Swedish males and between 0O and 1%
plus 2 and 1 for Swedish females, A LDS post hoc
domparison reveals them as significant at only the

0,10 level. Inépection of the polynomial trends when -
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the number of categories is fully arbitrary is not

of real assistance, since the best available fit is

a function of the elected number, which in turn

means that any best fit might have to be discarded
whenever chénging our choice to a higher number of
categories. Under those conditions, abandoning the
perfect linearity of the dichotomous state (a practi-
‘cal advantage when dealing later with regression ana-
lysis) in favour of the conditional suitability of a
curvilinear fit, which is not significantly better at
detecting between-groups differences, does not seem
fully justified. An additional objection is that ha-
bitu’s third category - in conjunction with the other
predictors (four for the inmner arm) - automatically
enlarges the number of subigroupé already existing

by a figure equal to the total number of combina-
tions which can be performed with those four variab-
les’ categories. This results in a‘major reduction

in the average number of cases per sub-group, whicﬁ,
in its turn, is not desirable in regression and ana-
lysis of variance calculations. Therefore, while
studying the changes in pigmentation across habitu’s
three categories is not devoid of interest, the dis-
advantages brought about be retaining the third
category are not sufficiently counterbalanced by the
advantages.'A similar argument is applicable to
habitf as well. .

- An important aspect of the previous discussion

is that it considers a very relevant methodological
matter, namely that of defining and quantifying the
behavioural variables, Obviously, as long as be-
havioural traits have to be dealt with under non-
laboratory conditions, we will be unable to control.
and evaluate them, in terms of either degree or pat-
tern of recurrence. Even with a post hoc categoriza-
tion, when relying on the human mind to recollect

past activities as the only standard in the evalua-
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tion of variables, will the accuracy of the guanti-
fication be seriously jeopardized, subject - as it
will be - to failing memory and subjectivity. At
best, a basically continuous variation will have
been correctly categorized into two/three positions
which is itself a very unsatisfactory procedure.
One theoretical way out of the problem would be
exactly reproducing the experiment under labora-
tory conditions, involving persuading hundreds of
persons to participate in an experiment that, for
scientific rigour, would repeatedly require their
collaboration for several months., Another possibi-
lity contemplates augmenting the number of cate-
gories to six/seven or more. For instance, for
sboften and sloften (two of habit-‘s Foundatlons)
very often, often, moderately, at times, seldom,
never. Here, however, subjectivity in comprehend-
ing these categories and evaluating one’s ouwn be-
" haviour would enlarge the number of misplaced cases
and greatly endanger any potential improvement.
Such partition would statistically demand from each
sample a much bigger size than that which the ex-
perimenter .considered to be a reasonable expecta-
tion and, in addition, it was felt, it would bhave
been resented as too tedious by those tested. for
all these reasons and under the present circumstan-
ces, the idea of structuring the basic behavioural"
variables into more than two categories was abandon-
ed as non realistic.

The graphics in figures IV.1-1 and IV.1-2, a to
f, illustrate the relationships between pigmenta-
tion and the most important behavioural variables,-
The simple beta regression coefficients - represent-
ed at the nine filters - have been extracted from
table C,2, since for bivariate régression the beta
regression coefficients are identical with the bi-

variate correlation coeffiicients. The partial beta
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regression coefficients - at filters 1, 5 and 9 -
have also been plotted for comparison (table D.1),
In each case the effect of the other behavioural
variables has been removed from the correlation
with pigmentation. No correction for the effects of
age and daysuia/fh has been attempted in this sec-
tion. |

All independent variables here have two categ-
ories labeled O (no trait) and 1 (trait). Recalling
that in the case of variable newhat the trait is ex-
posure of the forehsad, one could pérhaps expect
sub-groups possessing the trait to be normally dark-
er than those which do not. The pattern is, houwever,
far from homogeneous, with women presenting the most
coherent picture. We will loock at the situation for
males and females separately, leaving variables
cruianow and crfhnow to be studied independently.

1, Variables habitu, cruia, habitf, crfh and newhat.

1.a., Males.
Neither frequent sunbathers nor users of protec-

‘tiva creams and lotions consistently reflect less

light at every filter, often at no filter at all.
Among the present samples, this is true of the Bri-
tish for habitu (green and red regions) of the Bri-

_tish and Spaniards for cruia, of Swedes (blue and

red) and Spaniards (blue and green) for crfh and of
the British (red region) for newhat. In all other
cases sxposers and users ars darker. Levels of signi-
ficance (table C.2) deteriorate with decreasing size
of the sample, but there is no clearly consistent
trend between both ends of the VL spactrum, When
comparing analogous variables, the significance le-
vels are consistently better at the inner arm, but
no attempt was made to see whether differences be-
tween corresponding coefficients were significant or
not. That was only logical since differences between
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exposers and non-exposers at the forehead must neces-
sarily be much more diffuse thanm at the inner arm,
"When considering the variables, the best signifi-
cance levels are offered by newhat, then by habit-
and then by cr-,

For variéble newhat, Swedes and Spaniards show
good significance figures (often at the 0.001 level)
throughout the first seven filters. For habitu,
Swedes and Spaniards have rather good levels which,
much weakened, reappear again at filters 7 and 8.
For habitf, non-significance is the ruls (with an
occasional 0.062 at fh8 for Spaniards) except for
the British sample (significant or relatively close
to-it at filters 2, 3, 4 and 8). For cruia non sig-
nificance again, but the British eithér come close
or start an approcach at filters 7 and 8, For all
othér variables and at all other filters and sam-
ples the coefficients are far from significance.
Even if the partial;regression coefficients come
from bigger samples their introduction in the pic-
ture does not alter it substantially - although a
couple of coefficients change sign (Spaniards:
uia5-cruia, Swedes: uiaS-crfh) - except for the
fact that now all pigmentation-habitf coefficients
for the British sample have been taken out of the
0.100-0.000 significance zone,

No matter how good or bad their significance
levels, the regression'coefficients reflect the
variables*'real importance in the samplé context.
For this reason it should be enlightening to have
a closer look at them and their mutual relation-

ships when partial correlations are considered., The

resulting pattern among Swedes and Spaniards is simi-
~lar (fig. IV.1-1 and IV.1-2, a to ¢) in spite of
underlying differences in the signs of the newhat-
daysfh age-daysuia, age-daysfh and habitu-age co-

efficients (fig. III.3=3). The contradiction is, how-




ever, more apparent than real since at least one
of the pair of coefficients in each case is very
low. In both samples exposers at either site are
darkest, which agrees well with the fact that they
have as a rule sunbathed more recently (good sig-
nificance) and with a positive often good corre-
lation between pigmentation and daysuia, Bare
foreheads are also darker in both samples, in ac-
cordance with the fact that bare foreheads had

been exposed more recenfly to radiation (although

only the Swedish figure was significant). Users of

protective creams are lighter at the inner arm
among Spaniards, darker among Swedes and both
lighter and darker - depending on the wavelength -
at the forehead. (low coefficients all over). Con=-
sidering the underlying correlations and those of
days- and age with pigmentation, pigmentation-
cruia for Spaniards and pigmentation-crfh for
Swedes are apparently not coherent with the rest,
until age-days- is introduced into the picture,

Among the British, on the inner arm exposers
are lighter at the red and green regions of the
spectrum and on the forehead they are darker,
which agrees well with days-‘’s and age’s impact
on habit-’s vfa the correlations habitu-days-,
habitf-days-, habitu-age and habitf-age. Users of
creams are totaliy lighter or partially so, de=
pending on whether the inner arm or the forehead
are considered. The pattern is in agreement with
that one offered by days- and age with pigmens<
tation and with the underlying correlations of
~days~ and age with cruia and crfh,
1.b. Females.,

Unlike males, exposers are always darker (ex-
cept fh5-habitf for Spaniards). Users are most
often lighter: Spaniards and the British at the

inner arm and Spaniards, Swedes and the British

187




188

(greeh-red.regions) at the forehead., Bare foreheads
ara darker at most filters (especially among Swedes
and the British). Levels of significance deteriorate
with decreasing sample size, but not clearly adong
the spectrum of visible light. In general, they are
worse than among males. The significance levels are
again normally better at the inner arm. Among the
variables, the best significance levels belong to
habitu, followed by newhat, habitf and then cr-.

Variable newhat never reaches significance at the
0.01 level but, for the three first filters among
Swedes and filters number 6 and 7 among Spaniards,
it varies between 0.09 and 0.01., Habitu (filters 1
to 5, plus 7 and 8) and habitf (filters 2 and 4) show
significance levels which also fluctuate between
0.09 and the vicinity of 0,01, Cruia shouws signifi-
cant figures around 0.08 among Swedes (third filter)
and Spaniards (sixth and seventh filters)., For other
variabies, samples and filters significance figures
are away from any curfently accepted level. The in-
troduction of the partial correlation coefficients
does not alter the picture substantially, in spite
of change of sign of two coefficients (Swedes: uia9-
cruia and the British: uia9-habitf).

Considering now the partial correlations, exposers
" are at sither site darker (practically without ex-
ception). Users of creams are lighter, except for
Swedes at the inner arm and the British - partially-
at the forehead. Bare foreheads are darker although
never at the three filters. The patterns for habitu,
cruia and crfh among the three samples agree wsll
with the underlylng relationships existing between
those variables and days- plus age. for habltf
Swedes and Spaniards agree well also when con51dering
the strength in their underlying correlations but the
British need fuller explanation. When turning to




newhat, only Swedes agree well with the correlations

in the background,

2..Variables cruianow and crfhnow.

Extremely few men in the samples wear creams of
some kind while been tested, either on the inner
part of the upper arm or on the forehead (lowest:
0.73 %, Swedes; highest: 6,82 %, British), and feu
women wear them on the inner arm (lowest: 4.08 %,
the Britishjy highest: 5.65 %, Spaniards). With popu-
‘lation frequencies of that general order of magni-
tude there is a distinctive chance for means within
a sample’s less common categories to depart con-
siderably from the population values, consequently
endangering the reliability of observed trends and
associations. For this reason the results obtained
" for these two variabies are not totally reliable,
For women’s foreheads the situation is comparable
with that of other variables since the use of
colburing creams; generally as make-up, is much more
frequent,

When comparing corresponding samples, signifi=-
cance lavéls are always better for females., Within
every sample they are also better atthe forehead,
except among Spanish women where the opposite is
trues When displayed, significance is normally shouwn
by some of the first five or seven filters, but oc-
casionally also by some of the four last filters -
isolated. Within the significant block there is no
- clear trend as to whether significance figures im-
prove or not towards the blue region of the spec-
trum. Also, when considering sample size the tend-
ency is unclear, although the British show consist-.
ently the worst figures. Acceptable (or nearly so)
figures vary normally between 0,060 and 0,020 but

some reach even beyond the 0.010 level.
“ Only the Spanish females (cruianow) and the
Swedish females (crfhnow) show blocks with at least
acceptable significance levels. Introduction of the

partial coefficients does not alter the pattern ap-

189




190

preciably, except for the total extraction of the
Spanish females (cruianow) and the British females
(crfhnow) frem the 0.100-0.000 significance zone.

When turning to the partial correlations, inner
arms wearingAcreams are predominantly lighter, ex-
cept for British females. Foreheads among males are
also mainly lighter, except among Spaniards, where-
as they are mostly darker among females, The pattern
does not seem to fit well with the most visible of
the underlying correlations, at the inner arm for
Spaniards (males and females) and at the forehead
fer:Spaniards and British (both males and females).
It agrees well, on the other hand, with the assump-
tion that most creams used by men at either site and
by women on the inner arm are generally of the non-
cosmetic kind (e.g. anti-acne salves, humidifying
ointments, etc), and are instead mainly colourless
or whitish, glossy and - presumably - efficient re-
flectants, while those applied by women an the fore-
. headAare normally coloured make-up.,

- Although some generalizations can be made, there
seems to be little chance for extracting any sort of
general pattern from what has been indicated. An in-
dependent variable’s internal variation does not |
always produce the same kind of impact on the de-
pendent variable, pigmentation, acress samples or
even along filters within each sample., One might pér-
haps expect that, within a certain sample and for a
variable Xi’ a change of a certain kind from cafeg-
ory C1 to category C2 would always be accompanied
by a definite sort of change in the independent vari-
able, implying constancy in at least the direction
of the effects along the spectrum. But this is not
the case, Undoubtedly, greater sample sizes are like-
ly to improve the picture somewhat, but it is very
improbable that this is the only reason. Indeed,

among physical objects not differing too much in




colouf, it is a common situation within a pair that
one be lighter than the other at certain regions of
the reflectance curve and darker at the remaining
ones. YWhen extrapolating to human skins arranged in
dichotomies according to colour, it must be borne
in mind that each category will include skins at
different stages along the erythematic, hyperemic
and melanizing processes, together in combination
producing a complex average reflectance curve to
which the observations above should be made exten-
sive.

Edwards and Duntley’s experiment (1939) provides
us with a graphical account of how such a situation
can arise for a variable such as for instance,

habitu., Figure IV.1-3 illustrates a single skin’s
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chromatic evolution after "a single one-hour ex-
posure to the mid-day sun (in August)"., Each pair
of reflectance curves could in principle be taken
to represent any of our samples with their tuwo
categories, For every intersection betuween the
curves under consideration there will be a change
of sign in the correlation coefficient, Certain
curves are mare likely to represent one of the
_categories than the other but within each pair,
their relative position and the distance betuween
them admit theoretically an infinite number of
possibilities, Two of these have besn plotted
(Pig. IV,1-5) for each of the ten basic available
combinations. It can be shown, fig., IV.1-4, that
for dicategoric independent variables with values
0=ahd.1, the dependent variable’s regression on
thehAis expressed at each wavelength by a corre-

lation coefficient equal to

By (s, / sy) (1v.1-1)
‘-iy=reflectan;e a)’ b) change y=reflectance
~ (unia or th) of siga\ , (uta or th)

haditu=0

habitu=1

o x=habitu [:___;:IE’__,,,,,,,,,—— N
; (A:constant‘ B
vie. Iv,1-4,
If the tndeperdent variable is dichotomous ard its two valnes differ
"by one unit, the regreasion coefficlent for bivariate correlation,

B=Ay/Ax, s equal to Ay. .
Since far bivariate correlation the correlation coefficient, r, 18

jdentical to the beta ragression coefficleat, beta=3.(sx/sy). its
value will he

r aAy. ix_.
Sy




193

Pig. IV,1-5, Comparisons bdeiween reflectance curves representing
pairs of stages along the sequence of pigmentary changes following
exposure to UV radiation. )




where Ay is the algebraic difference between the
dependent variable’s means for categories CO(;=D)
and C1(§=1), Yq-Ygs 3t the appropiate wavelength,
and sy and s, are their standard deviations. ‘{1

and Yo €20 be measured in deviation scores or gross
scores, The sign of the correlation coefficient
depends thus entirely on Ay’s sign, while s, is
constant within each sample and sy's role is to
modify Ay’s numerical value,

Any kind of agent producing dispersal/concen-
tration and/or group displacement of the reflec-
tance values, differentially manifested across
categories of variable Xi and along wavelengths,
would tend to diversify the bivariate correlation
values along the spectrum, removing -them from those
existing if the individuals in both categories were
sub jected to the same behavioural conditions,
Erythema, hyperemia and melanization are such
agents. Erythema-cadses depletion of the blué and
greeﬁ‘regions of the spectrum, while hyperemia pro-
duces: mainly decrease of reflectance in ths green
fagioﬁfand-melanization depletes first the red re-
gion and afterwards the whole spectrum, but speci-
fically the blue end. In addition, the thres of
them - by introducing new mechanisms to which each
bodﬁjcdnstitution responds in its own specific way-
intﬁdduce:intarnal'variation into the picture,
Sincéythey affect different regions of the spectrum,
‘that at which the greatest difference between cat-
egories will take place mainly depends on the rela-
- tive importance of the aforementioned factors at -
| ﬁﬁé time the measurements were taken - which leads
logically to the introduction of variable time in
the picture, since this one regulates the evolution
of the three processes., This analysis will for the
moment be postponed to another section. In graphics
a to j (Fig. IV.1-5) each pair of curves stands for

the avsrage reflectance curves representing the two
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Swe + Aswe Spa + Aspa Gb + Agb
d Q o 0 d 9
1 b6 ¢ 111 1 11 111 1 1 111 1 141 111 1 I 111 1 11 111
HRabit- Age Days~ |Habit- Age Days-{Habit- Age Days-|Rabit Age Days-| Habit-  age Dave-|Habdit- Age Daye-
gr- Cr- : Cr- Cr- Cr- Cr- e
~now Cr-now Cr-now Cr-now Cr-now Cr-no
(,Z'::l“ ) (,"?hl‘t ) (Wewhat) (Newhat) (Fewhat) ( He'h:t )
ota Total Total Total Total
23% 364 112 117 37 48
.04123 .00967 . 04785 .02094 . 00095 08163
00041 .00874 .00315 .01309 02344 01415
(41) (puig) ["%9%39 (43) (Duig) {*%%°"9 (x1)  (pu1) [*©190' (43) (Duin) (x1)  (Dutn) (13)  (pu1)
4,163 0,723 17.556 | 2.671 0.449 20.340 | 5,120 11,696 6.760 | 5,303 0.325 0,397 | 2.440 7.846 0.810 | 9.518 0.689 0.176
00868 .02084 .04995 -].00811 01438 .02781
.00773 .00177 .00040 .00755 .00350 . 00561
(a2)  (pu1n) [*%9%"5 (43) (puig) [*%°'4 (11)  (Du1g){*9%75 (a3) (Dute) (a3) (puin) | ° (a3)  (pu1)
1.640 0.792 4.666 | 2.276 0.518 10.112 | 5.199 4.326 0.903 | 2,241 0.221 0.826 | 1.788 7.784 8.703 | 3.342 0.073 0.90%
.00332 .01114 .05991 .01223 02031 .02915
.00776 .00023 .00431 .01930 .02438 .01854
(42)  (putn) [*%%819 (41) (Duig) {928 (41) (Du1g)[*%°%*® (43) (Dulg) (a3) (puig) (92502 (43)  (pu1)
1,109 0.325 2.822 | 1.756 6.300 10.69% | 6.290 9.242 2.132 | 3.201 1.369 0.774 | 4.469 4.884 17.140 | 8.271 0.221 3.460
223 339 108 11 36 48
. 00005 . 00209 .01484 .00369 06165 .04272
.00183 .00130 .00124 00932 .03260 .00116
.01194 . .03312 00632 .00422 05655 _ . 00060
04546 (1) 0ng) "7 (a3)  (pean)| 1327 (u3)  (De4n)|"0%22 (43) (pr1) [*O3T4 (a1} (per) | 01705 (a1)  (p1g)
5.928 17.640 2.434 | 3.818 8,066 4.203 [13.567 0.292 7.896 | 2.146 0.058 3.648 [16.454 11.972 0.28) | 6.153 11.834 3.725
.00251 -.00184 ,00165 .00158 »03457 .00488
00042 .00200 .00374 01461 00557 .00103
.00220 .03382 .00674 . 00023 .00171 .00584
‘0762 (1) (0010)["%°%% (a3)  (Drs) |00 (41)  (prsn)[ 07888 (41)  (pr1g)| 0207 (a1) (pein)| 01850 (44)  (pr1g)
6.275 21.252 2.958 | 4.016 6.554 1.323 | 4,032 5.856 2.190 | 3.230 0.449 2.016 | 6.202 17.724 4.000 | 3,025 13.104 1,742
.00012 . 00083 .01420 .01212 ,01431 {.00883
.00542 .01574 .00014 02122 .00953 .00349
.00315 .00223 .00958 .00353 00044 1:00919
01255 (41)  (pe1) | (41) (pran) 2OV2 (4o)  (pr1g)[+0%0 (a1)  (pe1) | 1285 (a1)  (Dean)[ 00602 (1) (pgs)
2.123 13.032 2.132 | 1.860 13.888 16.241 | 3.636 0.348 2,993 | 4.181 0.348 1,124 | 6.696 2.%10 2.993 | 2.754 6.452 0.59%

Table IV,1-2, Percentages of pigmentary variability explained by each

of the behavioural variables (I) and by the two best predictors among

all functions of age (II) and days- (ITI).

Legend, :

1. Totals are referred to 100, All other figures are referred to 1.

2. No corrections for the intercorrelationa betweern predictors have
been mads.
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categories of one of those diversifying agents -
habitu, for instance, y is plotted on ordinates.
By displacing the curves respect to each other, a
whole family of y ‘s can be obtained.

A corresponding absence of a general pattern
makes itself felt when considering the individual
and combined contributions of the behavioural vari-
ables to variation within the dependent variable,
The values are given in table IV.1-2, Other than
~ saying that, when comparing homologous samples, the
behavioural variables are as a rule more efficient
in producing internal variation among men than among
women at both sites (only clear exception: the British
at the inner arm), there is little room for homogen-
eity of effects in the picture. Among women it is
always among the British-that the greatest percentage
of pigmentary variation is explained by the combined
effects of the behavioural variables. Among men the
same is true for Spaniards at the inner arm and for
the British at the forehead. Twice among the British
and once ~among Spaniards, percentages'appear which
seem rather toco high when compared with the others.
Partly at least, this can be owed to the effect of
variables days- and age which has not been removed
from the correlations between pigmentation and the
behavioural variables. In all these cases some higher-
than-normal correlations crop up between some or all
of the variables involved. Whenever some of those
high percentages appear they are mainly the result
of habitu’s contfibution - at the inner arm - or of
" newhat’s contribution - at the forehead, among
Spaniards. Since Swedes are not represented in
either case, this seems to suggest that among them
the distinction between exposers and non-exposers is
not as ‘clear-cut as among Spaniards and the British,
where habitu stands for most of the explained vari-

ance., Such explanation can hardly be accepted at the
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forehead, among Spaniards, where the distinction
exposers/non-exposers does not make much sense,
rather is the intensity of the Spanish sun - via
variable newhat - possibly to be held responsible
for most of the explained variance. To conclude, it
would also seem that at the forehead - under the
cloudy sky of Britain - it is again persistence and
not the sun’s strength which is responsible for the-

higher-than-normal explained percentages.

The problems involved in the choice of a strat-
egy for the categorization of the exposure variables,
and the reasons for deciding in favour of the dichot-
omous alternative for habitu and habitf have been
dealt with in some detail.

In order to attain a betfer understanding of the
dynamics of the pigmentation process, the sequence of
Changes caused in the skin by exposure to UV-radiation-
has been succintly reviewed in this section, Besides,
the possibility of using this knowledge as a tool -
in - explaining. the apparent deviation at certain fil-
ters. from the generalized trends - has been empha=" -
sised. Its ultimate application must, houwever, be
validated against formula IV.1-1.

Table X-1 (and the text of the conclusion section)

‘resume in schematic form the most important traits

of the correlations betuween the behavioural variables

and pigmentation (filters 1 to 9).
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The natural decay of tan,

The nature and evolution of the changes initiated
by UV-irradiation of human skin has already been
examined elsewhere. In agreement with that knowledge,
the scattergram uia9-daysuia has been selected as
the most suitable tool to graphycally study the cor-
relation of pigmentation with the time period elapsed
since the last exposure to radiation. As frequently
done through this chapter, only the ninth filter will
be considered for a detailed study of that kind, the
others been mérely reported without - usually -
much Further;elaboration. Considering for all nine
filters the statistical information gradually accumu-
lating at each of them, without the existence of an
appropiate methodology to deal with it as a single
unit in order to obtain results which are meaningful
not only from a mathematical point of view, but also
from a physical - is not only extremely cumbersome
but it fails to lead to any conclusioﬁ or result of
general, conceptual physical validity. Nine filters
are'simply eight too many for inFormihg on melanin
concentration and infinitely too few to represent a
colour, if not to inform about it. Instead, reflec-
tance readings only at the ninth filter were selected
since these have been shown to be independent on vari-
ations in blood content and linearly related to the
inverse of melanin concentration (Jansen, 1953
Harrison & Owen, 1956/7; Harmse, 1954), for which
reason - in combination with the unexposed nature of
the selected spot ~ they seem to provide a perfect
tool for studying the gradual changes in melanin
content with increasing time distance from the last
expdsure.

Whenever the bivariate correlation coefficient was
found to be significant (at the 0,05 level) the lin-
ear fit was plotted (fig. IV.2-1, a to f). Among
Swedes, males and females, and the Britisn males the
distribution of reflectance readings with daysuia
can, thus, be approached by a straight. line. The
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sizes of the scattergram samples were in some casés.
bigger than those providing the coefficients for
table'C.Z, since here more cases were deleted be-
cause of one or more variables presenting missing
values, and in one intance (Swedes, males) the
character of the significance figure changed: non
significant in table C.2. The corresponding values
for the forehead are as follows: significant R
among Swedish males, approach to significance among
Spanish males and British females. The sign of the
coefficient is positive (positive slope, M4:9D°) in
all cases, with the exception of the British males
at the inner arm (significant).

In figure IV.2-2, a to f, the data of the scatter-
grams have been rearranged by plotting only means in
ordinates; time has been expressed in weeks, The
adequacy of a linear fit appears obvious to the
naked eye in some of them, but some other underlying
trends are suggested as well: plynomial, generally
ascending or descending curves. The polynomial trends
can be explored by means of  the oneway subprogram,
one of the SPSS choices, which implies treating the
independent variable as categorical. Unfortunately
many of daysuia’s numerous categories include ex-
trehely few cases, which makes it very difficult to
check the fulfilment of the normality (everywhere)
and homogeneity of variance (three of the big sam-
ples) requirements within the samples® subgroups
(table IV.2-1). Since none of the subgroups is big,
nor is it possible to apply the correction for un-
equal sizes when homogeneity of variance is bad,

" the reliability of the F-test for differences be-
%ween means is seriously jeopardized. For this
reason a post hoc battery of Scheffé tests has also
been tried for greater reliability. With the post
hoc comparisons the probability of oveflooking a
true difference (type II error) is greater, but it

is safer than applying a battery of t-test com-
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uia9-daysuia (oneway anova)

Bartlett’s P

Scherré (0.01, 0.05): -

" % P 11 x2 13 x4 15
P p Devietions
258 112 1.427 1,570  [0.005 + 0,00% « 0,268 0,018 + 0.132
"€.02% + 0.005 +- {0,070+ 0.020 + 0.020 + 0.030 + 0.029 +
Scherté (0,01, 0.,05): -
366 132 1,457  2.824 0.000 + 0.000 + 0.012 + 0,000 + 0.001 «+
0.006 + 0,000 + [0.000 + C.C0C + 0.000 + 0,070 + 0.000 +
Scheffré (0.01, 0.05): -
BC 26  1.559  1.659 0,749 N.C40 + 0,251 €.170 n.072 +
0,083 0,054 n.05% 2.074 0.074 0,078 0,215
Scheffé (0.01, 0.05): -
§1 37 1,050 0,525 . _|C.487  0.866  0.717  0.792  n.546
0.388 0,972 0.970 0.961 0.953 0.941 0.93¢
Scheffé (0.01, 0.05): -
12 23  C.936 0,456 0.0178 0,983 0.282 0.318 0.977
, 0.456  0.795 0.905 n,88% 0,909 0.9%6 0.907
Scheffé (n.01, 0,05): -
46 27 1.038 2.680 0.097 0.932 0,186 0.e28 0.050 +
0.411  0.015 + [0.016 + 0,013 4 C.013 + 0,010 + 0.012 +

Table IV.2-1,

Cneway anova: uis9-daysuia.

Polynomial trends in the decay of tan,
Sigrificance referred to the 0.05 level,
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parisons when type I errors are considered (Hays,
1981). They are, besides, known to be relatively
insensitive to departures of normality and vari-
ance and to be exapt for unequal group sizes., On
the other hand, the analysis of polinomial trends
should be orientative enough and, since this is

the section’s main concern, no further attempt will
be made to improve the shortcomings of the method.
' Although the F-test revealed some significant
differences between means among Swedes (both sexes)
and British (females) and almost significant among
'Spanish males, none of the Scheffé caomparisons

(x= 0.01 and « = 0,05) elicited any significant
inequalities,

The two biggest samples (Suwedes, males and fe-
males) display clear acceptance of the linear trend
at the 0.05 level or better, while British males
and females come relatively close, One of the last
two (British males) presents, as a matter oF-Fact,
a significant correlation (p = 0.022, 0.020) be-
tween the two variables, as mentioned above (table
C.2, fig. IV. 2-1e). Of the aforementioned samples,
Swedes (d' ,p) and British females - closely follou-
ed by Spanish males - signal, by means of signifi-
-cant deviations from. linearity, the existence of

underlying curvilinear trends. Accordingly, some

often the quadratic trend) had to be admitted among

them as well. In three of them - Swedes.and British

or eventually all of the powers of daysuia (most i
1

- females -~ the existence of significant deviations
from the last and fifth power suggests the presence
of some other source of curvilinear trend. General-
-ly'ascendihg and perhaps even descending curves
were conjectured before. Consequently, the logar-
ithmic and inverse functions - which -have the kind
of gentle slope apparently demanded by the distri-

bution of means along time - have been tried as
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well. The correlations with both functions were ac-
bepted as significant (table C.3) by Swedes, males
and females, and British malés. ,

None of the polynomial trends above the linear
level showed significance at the forehead within any
sample (as judged from the correlations in table
Ce3). On the other hand, the same table shows signifi- ,
cance for the correlations between uia%9 '‘and the logar-
ithmic and inQerse functions among British females,
coming relatively élose among Spanish males for both
functions and amohg Swedish males for the logarithmic
function. The logarithmic and inverse functions ap-
pear normally with respectively positive and negative
signs, except for British males (viceversa).

Table C.3 presents the bivariate correlations be-

tween reflectance readings at ail filters and each
of the functions proposed as predictors up to now.
Let us resume the situation in a few words. At both
sites there is often a tendency for. the correlation
coefficients to decrease in absolute value along the
spectrum until they reach a minimum, normally at the
fifth Filter.(bht even the fourth or the sixth).
This‘tendency is more marked within the big samples
and it does have erratic oscillations along the way.
No attempt was made to determine the trend’s degree
of significance. The trend is often broken by, among
others, the second and the last filters. Significance
does not normally appear beyond>the quadratic level
and it is paerhaps somewhat better for the logarith-
mic than for the inverse function, It is better.
among men than among women, and better at the inner
~arm than at the forehead. Among Swedes, males and
females, significance shows up at most filters along
thevspectrum, while within the other samplés it ap-
pears eventually amdng either the first filters
(Spaniards) or the last ones (British).

Within each filter, coefficients normally decrease. .
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with increasing polynomial order. O~in and d~lg
often appear together as sighificant or non-signifi-
cant., Significance figures deteriorate with de-
creasing size of the sample,

As a whole, significance is displayéd, as ex-
‘plained, at the inner arm among Swedes (males and
females), Spanish males and British males., At the
forehead it shows up among Swedes (males‘and females),
Spanish maies, British males (only for dfin and dflg),
Spanish females (not at all for dfin) and British
females, In general, the polynomial and logafithmic
trends display positive correlations with pigmen-
tation, while the inverse function puts up a negative
correlation, but exceptions crop up here and there
(especially among the polynomial trends): within all
samplés at the -forehead and within Spénish females
and British, males and Females, at the inner arm.
Among British males every coefficient has inverted
its sign with respect te the general rule,

Table IV.1-2 giQes the percentages of variation
explained at filters 1, 5 and 9 by the time variables
which, in each case, were selected as the best pre-
dictors. It is immediately obvious that no homogen=-
gity of effects exists when percentages are compared
between either sexes or sites or even within each
sample. A few generalizations are possible., The time
variables seem to be more efficient at explaining -
variation among men than among women, with two ex-
ceptions: Swedes at the inner arm and British at the
forehead, where the opposite is true. In all cases
except Spanish males and females and British males,
they are aléo more efficient at explaining variation
at the inner arm than at the forehead, Comparisons
between samples within each sex show that at the
inner arm the greatest percentages of variation in
pigmentation are explained among Swedes, males and

females, and the smallest among Spaniards, males and
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females. At the forehead t%e greatest are explained
among Spanish males and British females and the
smallest among Swedes, males and females. In general,
the best predictors resulted for the logarithmic and
inverse functions, while the first polynomial power
was best at a few filters and the fifth power in a

couple.

The possibility of existence of linear and curvi=-
linear trends underlying the correlations betuween
pigmentation and time elapsed since the last exposure
to radiation has been explored - chiefly by means of
the oneway analysis of variance and the scattergram

technique., A
. The reasons for temporarily selecting uia9 as our

‘odly dependent variable have also been discussed,

Again, for a resume of the patterns shown up by
the correlations between the dimensions time and

pigmentation see section X.
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IV.3, The effect of ageing on pigmentation,

Generally speaking, pigmentation at unexposed
areas diminishes steadily with advancing age, while
at exposed areas, such as the forehead, the possible
existence of a similar trend is overcome by the con-
tinuous impact of the environment, resulting in in-

~creasing pigmentation with age. ‘Studies within dif-
ferent racial stocks have by now proved that these
trends are not, however, uniformly maintained
throughout life. In most cases it has been reported

" either on variation during puberty or on trends
through,adulthbod, with the resu;t that information
on other periods is lacking. It can be confidently
assumed that, in general, pigmentation during the
whole pre-pubertal period increases in areas normal-
ly studied (the upper inner arm and the forehead)
and that at the onset of puberty the trends, at least
‘at the inner arm, change. Correnti (1966) found out
that, among his Palermo subjects, puberty - betrayed
by maximum internal relative variation (cv) - start-

ed at around the aées of 11 for girls and 14 for

boys. The border lines vary, however, in human
groups, and improved nourishment and tropical or sub-
tropical climatic conditions seem somehow to be as-
sociated with earlier onset of puberty. Basically
during this time, while pigmentation decreased among
girls and boys from before the age of 11,for girls,

- and from the age of 12, for boys, at the axillary .
region , it continuously increased at the areolar
region. Correnti suggested a pubertal displacement
of melanin from one area to the other.,

Similar results were observed at different unex-
posed areas of the arm by Garn et al. (1956) among
white boys aged 125 to 16, by Omoto with a Japanese
twin sample, by Kalla (196%) among "Baniya" males
aged 10 to 16 and by Kalla (1970) among Tibetan boys
and girls., In the last article it was reported that, |
during the pubertal period, the reversal of the trend

from darkening to lightening - which among Palermi-
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Bertlett’s P '
)8 k P x1 1:2 x3 x4 15
] ] Deviations
294 92 1.005 0,894 0,122 0.016 + 0.653 0.170 0.863
0.460 0.677 0,728 0.874 0.858 0,883 0.863

Schetré (0.01, 0,05): -

427 67 2.511 1,101 0.000 + 0.266 0,016 + 0.479 0.541
0.000 + 0,289 0.800 0.809 0.912 0.906 0.897

Scheffé (0.01, 0,05): -

116 16 1.426 2.577 0.001 + 0.534 0.013 + 0.616 0.602
0.147 0,003 + [0.040 + 0,031 + 0.104 0.079 0.05¢9

Sehefré {0.01, 0.05): -

125 18 2,056 1,257 0.093  0.828 0,711 0,357  0.318
0.030 + 0.235 0.309  0.256 0,210 0,195  0.186

Scherfé (.01, 0,05): =

39 12 0.7718 O,
0.

25 0.113 0.962 0.576 0.491 0.417
0.540C 5

2 C.972 0.952 0,935 0.935 0.947

Scheffé (0.01, 0,05): =

0.411  0.941  0.481
0.778  0.669  0.613

50 1C  0.37% 0.582 0.818 6

0.916  0.804 0.733

VI an

[eNe)
~1 N
®

Schetfé (0.01, 0.05): -

Table IV.3-1. Oneway anova: uia9-age.
Polynomial trends in the variability of nigmentstion with age.
Significance referred to the 0,05 level.
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tans is at the axillary region placed in the pre-
pubertal period, at between 12 end 13 for boys and
 before 11 for girls - at the medial upper arm lies
among Tibetans between 12 and 13 for girls, while
amorig boys (in spite of some oscillations) the gen=
eral trend after the interval 13-14 is one of in-
cfeasing pigmentation.
‘ The samples in the present study range over a
greater age span but are ill suited for the analysis
of pigmentary changes. One-year subgroup sizes are
too small and the author does not feel that subdiv-
ision into intervals wider than one year is good
practice for this purpose. Therefore no such div-
ision has been attempted. Instead, general trends
will be explofed.

In Figuré Iv.3-1, a to f, reflectance readings at
the ninth filter have been plotted against age. The
‘nlnth filter and the inner arm have been selected For
" the same reasons as‘in the previous section., The co-
efficients obtained for the scattergrams and those
from table C.2 show very close agreement with each
other, in spite of the different sizes of the samples.
Accofding to them and to the results of the oneway a-
nalysis (table IV.3-1), the first polynomial trend
(l1inear) is accepted at very good significance levels
by Swedish females and Spanish males at the inner arm.
At the forehead and according to table C.2, SwedisH
males and females and British females display signifi-
cant bivariate correlation, which betrays accepténce
of the linear trend. The sign of the coefficient is
positive in all cases at the inner arm except among
British males and females. At the forehead it is nega-
tive except among Spanish and British males. At none
of the excéptions is the coefficient’s numerical value
significant. Inner arms and foreheads become, in other
words, reépectively lighter and darker except within

the samples pointed out above, at the ninth filter.
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We are not better off than in the previous sec- -
tion concerning the requirements of normality and
homogeneity of variance., All this undermines the re-

- liability of the F-test for comparisons between

- means and, consequently, Scheffé bost hoc comparisons
have been employed as well, Significant F-values for
comparisons between mean reflectances for one-year
subgroups were only found among Spanish females, but
the Scheffé comparisons failed to reveal any signifi-
cant differences.

In figure IV,3-2, a to f, only mean reflectances
at each age have been plotted. The existence of sone
sort of higher polynomial trend is strongly suggested
in some of them. However, only the quadratic among
Swedish males and the cubic among Swedish females and
Spanish males attained significance. None of the fig-
ures for deviation from linearity demanded either a
better fit., After a look at the diagrams of figure
IV.3-2, it was felt-that with the polynomial functions
disappeared our best chances for a fit in terms of age

for Spanish femalesand British, males and females. No

other curves were tried.

Table C.3 presents the results of the bivariate
correlations between reflectance readings at any fil-
ter and the three first polynomial functions. Within
sach sample and filter, correlation coefficients often
decrease in numerical value with ascending polynomiél
order, but there are more exceptions than cases fol-
lowing the ruler at the inner arm, all samples but
Spanish males present exceptions at five filters at
least, while at the forehead exceptions on the same
scale appear among Spanish males and British males and
females, Significant or close-to-significant figures
crop up along the third filter for Swedish males,
among the four or five first filters and the two last
ones for Spanish males and at the third and fourth and

the three last filters for Swedish females., At the
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Swe+Aswe

Spa+Aspa

Gb+Agb

years

Pig. IV.3-2. uia9-age,
Pigmentary variability with age.
Age on abscissae (in yeare) and reflectance on ordinates. -
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Fofehead, they appear at mdst filters between the
second and tHe sixth for Spanish males, at the first
and middle filters for British males and all over

- with the best figures at the end - among British
females, and at all filters for Swedish males and
females.,

Within each polynomial order, the numerical value
of the coefficients normally reaches a minimum at the
fifth filter (or even the fourth or the sixth). Sig-
nificance figures are normally best among men and
better at the forehead than the inner arm. In general,
significance deteriorates with decreasing size .of the
sample, but size does not seem so restrictive at the
forehead,

Table IV.1-2 gives the percentages of variation
explained at filters 1, 5 and 9 by the polynomial func-

tions selected in each case as best predictors. As with

the days- variables, there is little room for homogen-
eity of effects. As a whole, anyway, the age variables
are more efficient in explaining variation among men
than émbng women, with only two exceptions at the ninth
filter: Swedes at the inner arm and British at the
forehead., They also explain more variation at the fore-
head: than at the inner arm, with the exception of
Spaniards, males and Femalés. When comparing samples,
within each sex, the greatest percentages of variation
are- explained by Spanish males and Swedish females and
tHéAsmallest.by Swedish males and British females, at
~therinner arm, At the forehead, more variation is ex-
plained among Swedes, males and females, and less-

among Spaniards, males and females.

Summary Certain polynomial trends were elicited underlying
the. correlations between uia9 and age,
The general pattefns of correlation at all filters

are as before resumed in section X.




V.4,

Sexual dimorphism and pigmentation.

Men of different races have repeatedly been re-
ported as darker ~ significantly or not - than their
female counterparts at different exposed areas: back
and palm of the hand (Rijn-Tournel, 1966), the fore-
arm (Barnicot, 1958), the forehead (Lequebe, 1961;
Garn, 1956). At sites which among Westerners are

less exposed, such as the inner arm, the situation

is, however, not equally uniform, While Congolese

males were still found to be darker than Congolese
females by Rijn-Tournel, he, Leguebe (1961) and
Rigters-Aris (1972) found Belgian and Dutch males to

be lighter than their females at the upper inner arm.

On the other hand, at a normally unexposed area sub-
ject to differential exposure according to sex, such

as the areolar region, Garn discovered that American

white males were darker than Females..Among some

Middle East populations (Sunderland, 1967; 1973) it
has also been reported that males are lighter than
females at both inner arm and forehead. Otherwise
there is ovérwhelming evidence from different parts
of the world all presenting females as lighter than
males at both inner arm and forehead: English and
Irish (Hulse, 1973); Smith and Mitchell,»1973;

Sunderland et al., 1973), mature Sikhs (Kahlon, 1973),

caste Indians (Kalla, 1969), Southern 'white' Brazi-
lians (Harrison et al., 1967), North African and
Middie East groups (Sunderland, 1973; Lourie, 1970),
South American Indians (Weiner, 1963; Harrison and
Salzano, 1966 ), Khoisanids and Rehoboth Basters
(Weiner et al,, 1964), Bantu and Cape Coloured
(Wassermann, 1968), Tchad natives (Hiernaux, 1972),

etc. Although the reasons for the existence of ex-

ceptions to this rule are in most cases debatable, it

would seem that the first place to look for them is

ethnographic: what kind of differences are there in
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labour and leisure activities between the two sexes
which'could produce differential exposure?

With only three exceptions - Swedes at the inner
arm, filters 3, 8 and 9 - in the present work, all
males are darker than females at both sites (table
IV.4-1). The differences, with numerous excéptipns
among the Swedes and the British at the inner arm,
are normally significant, They are also better at
the Foréhead than at the inner arm., Within Swe, Spa
and Gb ('pure' samples) the differences between
sexes follow a similar pattern, with two exceptions:
fh8 among Spaniards (n.s., p=0.092) and uia9 among:
the British (males lighter than females, although
not significantly).

The distribution (or absence) of non-significant
-and inverted'diFFerences between means in the Swedish
and Spanish samples, at the inner arm, accords well
with their sunbathing habits. The proportions of ex-
poseré among Swedes.differ significantly (p=0.000)
between males and females (table II1.3-2), but the
sighificance level only reaches 0,083 among Spaniards.
In both cases, females belong to the exposer category
more often than males. Since the proportions of ex-
posers within each sex and sample also depart signifi-
cantly from the 50 % ratio (p=0.000 everywhere) up-
wards, females among Swedes do have every opportunity
to reverse the normal trehds, but apparently that was
- not enough among Spaniards. Among the British at the
inner arm there are four non-significant differences
(one of them an inversion, among the ‘'pure' British,
in spite of a non-significant difference in the pro-
portion of exposers between the sexes, but it has
been previously elicited that among British women,
when compared with men, relatively high percentages
of reflectance readings’ internal variance are ex-
plained by the combined effects of the behavioural

variables, This may be the explanation, other factors
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x({d) & ¥ x(d) & ] ;5‘”'3 ]
x(g) & " x(g) & 7 ) "8 4
P P eirr. P P aign. P r aiem,

uial] 34.539 5,036 307 30.378 4.688 116 35.054 5.028 39
35.253 5.091 432 32.675 4,777 126 37.886 5.31% 50
3.527 0.061 = 13.4Rr2 0,70 + 6.515 0.012 +

bvia?| 43.562 5,441 302 38,164 5,083 116 41,031 4.982 39
43,731 5.416 432 40.567 5.345 126 43.814 5.845 50
0.171 0,679 - , 12,985 0,000 + £.775 0.M7 +

uia3| 44.327 5,689 302 38.526 5.249 116 43.323 4,475 3°
44.063 5.589 432 40.462 5.390 125 45.562 5.034 50
- 0,392 0.532 - 7.965 0.005 + 4.771 0.032 +

ulad| 43,762 5.294 301 38.156 4.297 116 42,503 4.307 39
44,025 5.266 432 40.896 4,929 125 45,120 4.726 S0
0,441 0,507 - 18.710 0.000 + 7.257 0.009 +

uiaS5]| 41.233 5.036 301 36.691 4,423 116 40.554 4.889 39
42,227 4,952 432 39.281 5.434 125 42,402 8,952 S0
7.052 0,008 + 16,311 0.070 + 3.086 0,083 =

uiab} 46,358 4.734 3O 41,8%7 4,717 115 44.564 3.858 39
47.228 4.848 432 44,866 5.545 125 46,758 £.095 50
5.829 0.016 + 20,340 0.000 + 6.613 0,012 +

uia7| 57.345 4,977 299 52.501 4.5%0 116 56.454 4,308 39
57.600 4,858 429 54,502 4.887 125 57.438 4.200 50
0,476 0.490 - 10,698 (0.001 + 1.176 0.28% =

uiag8] 64,063 4,299 299 5,780 4,306 116 62.197 32,135 39
63,753 4.513 429 60.518 3.983 125 62.864 3,512 S50
0.863 0.353 =« 10.483 0.001 + 0.866 0.355 =

uia®] 65.595 3.947 295 60.973 2,151 116 64,456 3,319 39
64.956 4.347 429 £€2.532 3.975 125 64,600 3.148 50
4,078 0,044 + 8.867 0.003 + 0,043 0.835 =°

fhi 28,749 4.889 302 21.723 3.628 111 27.056 3.439 39
29.77¢ 4,906 433 23.578 4.012 125 30.096 3.56%t 50
7.798 0.005 + 13.912 0.000 + 16.452 0,000 +

th2 | 35.912 5.229 302 28.174 &4.170 1M 31.631 3.620 139
37.141 5.417 433 30.350 4.219 125 35.114 3,215 50
9.541 0,002 + 15.833 0.000 + 18.514 0.000 +

fh3 | 36.379 5.532 302 28.368 4.083 111 34.828 4.162 39
37.355 5.528 433 30.251 4.596 124 36.990 4,369 50
5.941 0.018 + 11,062 0.001 + 5.591 0.018 +

hé 35.792 5.334 301 28,087 3.837 111 33.828 4.036 39
37.746 5.425 433 30.507 4.421 124 33.828 4.036 50
?3.497 0.000 + 21.705 0.000 + 14.760 0.000 +

[ThS 34.046 5.4R2 301 27.876 5.396 111 32.3%0 5.032 39
35.955 5.421 433 30.072 4.169 124 35,176 4.328 50
21,730 0.000 + 11.982 0.001 + 7.870 0.005 +

e | 39.46R 5.R19 301 32,135 4.442 1M 36,728 3.€39 39
41.272 5.327 433 35.639 4,787 124 40.028 3.672 50
18.2P4 0.000 + 33.R50 0.0n" & 17.005 0.000 +

ith? | 52.662 5,704 299 45.0A% 4.428 11 50.795 4.393 39
54.111 5.027 428 4,207 4,756 124 53.848 3,593 S50
12.508 0.N0N  + 8.471 0.0n3 + 12.676 0.00% +

ithe 61.526 4.915 299 53.085 4.628 111 59,172 4.182 39
2,447 4,397 430 54.554 4.639 124 62.3684 3,519 S0
6,752 0.010 + 5.888 0.015 + ° 15,315 0.000 +

thg | 63.891 4,066 29% 56,619 4,021 111 62.300 - 3,190 3¢9
64,374 3,087 430 %7.500 4,375 124 64,710 3.21% 50
2.508 0,114 - 2.634 0,104 - 12,413 0,000 »

Swe + Asws (3/4) Spa + Aspa (3/4) Gb + Agd (3/8)

Table 1IV.4-1, Between.sex differences in pigmentation.
The marks ',' and 'a' at fh8 (Spaniards) and uia9 (British)
indicate disagreement between the composite and the ‘pure’
samples, concerning the existence of significance (.) ana
the sign of the difference between the reflectance figures
for males ard females (a).
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not withstanding, since in all other cases the be-
twueen-sex differences in percentages of explained
variance are either favourable to men or not very
different if favourable to women. The situation at
the forehead agrees better with the expected,
especially among the British, newhat and crfhnow have .-~ .
been mentioned as the most important predictors at
the forehead, Significantly more women than men go
with bare foreheads among Spaniards, while the
use of cosmetics is important among Swedish females.
Both factors are then presumably responsible for the
appearance of non-significant differences (no inver-
sions) at the last filter among Swedes and Spaniards
(eventually at fh8 as well, among 'pure' Spaniards),
Among the British, females differ significantly from
males only for variable crfhnow. Other factors being

" the same, no departures from the expected were

: eliciteq among the British,

In addition, in the case of Swedes, the time
elapsed since the last sunbathe until the day of the
test (daysuia, daysfh) is also a factor to reckon with
(table 111.2-5). Here, the shortness of the period
(alsways shorter among females) may also have contrib-
uted to the appearance of deviations from the general

- rule,

Summary As a\whole, then, between-sex differences agree
well with the expectances, and the existing deviations
are readily explained by the influence of environmen-
tal factors (mainly differences in exposure patterns).
These factors have, however, not been introduced in
the statistical calculations. The task of determining
whether br not its inclusion can significantly shift
in an unexpected direction the pattern of differences
élicited in this section will be dealt with in chap-

ter VI,



Summary

Thus, the conclusions reached in this chapter add

further support to the thesis that, within any popu-

lation, women are to be expected to be lighter than
men, and that any eventual deviation from that rule
is probably to be looked at as either the effect of
differential exposure to environment or the direct

result of other external factors, such as the use of

cosmetics, or both.
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Exposure, age and pigmentation. A regression model.

That'the geographical distribution of skin colour
is far from being random was eariy held by Biassuti
(1941), Fleure (1945), Schwideteky (1952) and later
by others. (Barnicot, 1959; Garn, 1964), They felt
that there was a meaningful pattern in the world dis-
tribution of pigmentation of the skin: its gradient
seems to be in a close relationship with latitude,
This relationship has recentiy been evaluated by
Roberts and Kahlon (1976) by multiple regression
analysis and found capable of explaining around eighty
per cent of the total variance at any wavelength, .
Work of that kind requires processing a great body
of data from many different geographical regions. The
present work will not deal with the study of betuween-
population variance, as Roberts and Kahlon did, but
mainly with within variance by means oF'pouring in
information on the behavioural aspects of exposure %o
UV-radiation and analysing its impact on pigmenfary
variability. '

The limitations imposed by the SPSS analysis of
variance subprogram upon the number of processable
factors and covariates, together with the fact that
- for most applications of the aforementioned subpro-
gram - it is necessary to assume that the covariate-
by-factor interaction is zero, make the use of a
multiple regression subprogram most appropiate. The
best set of predictive variables will be found and an
equation for the regression of pigmentation on the
independent variables will be proposed. fhe dependent’
and independent variables have already been introduced
elsewhere, As mentioned before, habit, sboften and
sloften have been reconverted into a pair of variables
-habitu (for the uia) and habitf (for the fh) - with

three categories each, while, instead of hat, its comp-

-lementary =~ newhat - was utilized. In order to improve

the predictive ability of some of the dimensions under-

lying the whole set of independent variables, certain
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functions of some of the primary variables - age and
daysuia/daysfh - haQe been incorporated into the analy-
sis, as will be seen later., Consequently, the bivariate
correlations within each of these three sets of pre-
dictors are very high, eventually exceeding r=0.900,.
High and moderate correlations appear occasionally be-
tween the'days- sets, on the one hand, and the age set,
on the other (highest 0.76); or between habit- and
the days- and age sets (highest 0.49 for both). Other-
wise, except for newhat with age (Swedish males:
0.359) and crfh with crfhnow (Spanish females: 0.324),:
most correlation coefficients have absolute values
under 0,30 and even'0.10. The SPSS program- does not
deal with curvilinear regression, and so the step
above is found to be highly convenient also in this
respect, but the high intercorrelations create a prob-
lem, however, since multicollinsarity - veryAhigh
intercorrelation between some or all of the indepen-
dent variables - can ocause ambigquity in the calcu-
lation of the regression coeFficienté. Two ways out
of the problem are available: 1) substitute the set
of highly intercorrelated variables by a new one,
which is a composite function of them all, and 2) use
only one of .them to represent the common underlying
dimension, |

The secoﬁd option is provided, as part of the stan-
dard statistical procedure, by a variant within the
SPSS regression subprogram itself., The stepwise in-
clusion method selects among the available variables
the best subset of predictors that will yield an op-
timal regression equation with - if desired - as few
terms as possible, The variables are entered in single
steps, from best to worst, provided that they meet the
statistical criteria (n, F, T) established by the re-
- searcher, The variable that explains the greatest
amount of variance unexplained by the variables al-

already in the equation is entered at each step. The
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first paiameter, n, is the maximum number of inde-

pendent Variables which are to be accepted into the

equation, F is the minimum value of the F ratio which
the researcher is willing to accept for each new
variable ‘s regression coefficient, 1-T is the maximum
proportion of variance which a variable is allowed to
have in common with others already in the equation if
it is to be admitted. T is thus the selective agent

according to the aforementioned option 2). The em- .

phasis has then been placed on T7(0.85, 0.95 and 0.99

have been tentatively tried) while rather loose re-

strictions have been selected for n and F. The minimum

available Value; 0.01, has been adopted for F and n

has been made equal to 14, the maximum number of inde-

pendent variables presented.

A rather more demanding question is that of the
aséumptions to be met. For inferences beyond the
sample level (Hays, 1981), these are:

1) The errors are normally distributed with expec-
tations of zero for each treatment-combination
population,

2) The errors have exactly the same variance for each
treatment-combination papulation.

3) The errors are independent, both within each treat-
ment-combination and acress treatment-combinations,

4) The regfession of the dependent variable on any of
the predictor variables is linear,

All these assumptions presuppbse as a basic re-
quirement that the samples be drawn at random from
their respective populations, a condition which has
hopefully been satisfied as already referred to, Ths
two first requirements, on the other hand, mean that
for sach poséible combination of independent variables
the scores must come from corresponding sections of
the population, presenting both homoscedasticity of
variance and normal distribution. Fulfilment of the

third assumption requires the attainment oF_accept-
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able independence between the bredictors and that

the data within each treatment-combination correspond
to independent observations. It has been shown within
the samples,for treatment-combinations at the two-
variable level (table B.2), that the normality of dis-
tribution requirement normally holds, and it was shoun
at the one-variable level that homoscedasticity of
variance generally holds as well (tables IV.1-1,
1V,2-1 and IV.3-1). Owing to the high number of pre-
dictors and treatments, many of the treatment-combi-
nations (arrays) contain extremely low quantitieg of
scores within the samples, and it becomes utterly im-
possible to study score distribution and variance
within the corresponding sections of the populations.
In the absence of contradictory evidence it will be
supposed that distribution and variance do not behave
at those levels worse than they did for the whole
populations - as studied through the samples at the
one and two-variable levels, The possibility of aﬁ
eventual violation of. the normality and homoscedasti-
city requirements should, thus, be borne in mind and,
at that respect, a remark must be made here on a fea-
ture of the regression analysis: namely, that the
need for assumptions is not the same for all possible
applications of the regression analysis (Mc Nemar,
19593 Hays, 1981). At any rate, the ultimate check of
the smoothness with which the assumptions question has
been dealt with is provided by direct examination of
the residuals.,

The fourth requirement is at the core of the pro-
blem since the SPSS reqression subprogram does not
handle non-linear correlations, If, however, variable
Y shows curvilinear regression on variable X, and
f(X) is the function relating both to each other, Y’s
regression on X will be linear and of the form Y =
A+ B,f(X). Thus, the first step to undertake, prior

to the analysis of regression itselF, is the system-
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atic expldration of the nature of the relationships .
between the dependent variable, pigmentation, and
each of the independent ones, in order to find the
appropiate f(X) for each case., This has already been
done in another chapter, and - in additipn to deciding

to keep habitu and habitf as dichotomies, together

~with the rest of the behavioural variables - new pre-

dictors have been proposed: several powers of age and
days- plus the logarithmic and inverse functions of
daysuia and daysfh, ,

T’s lowest values have been selected as 0.85 and
0.95, which implies that at each step no more than’
respectively 15 and 5 per cent of the variance of
each independent variable, eventually to be admitted

into the regression equation, may be explained by

- variables already in it. These percentages, however,

correspond to correlation coefficients of 0,387 and
0.224 respectively, significant at better than the
0.001 and 0.050 levels respectively (among Swedes and
Spaniards). There exist between the independent vari-
ables, as pointed out before, numerous cases of cor-
relation at those levels and even higher, which has
been considered safer to avoid. Even within the
British samples, where the 0.05 level of significance
corresponds to a coefficient of 0.354, the recurrence
of the phenomenon may lead to decreased reliability
of the results concerning the relative importance of
the variables, as indicated by the partial regression
coefficients (Nie et al., 1975). On the other hand, a
tbo-strict selection of predictors might provoke an
underestimation of the multiple correlation coeffi=-
cients., Consequently, the best available equation has
been picked out from each hédel by the simple pro-
cedure of leaving out all predictors admitted after
the minimum SEE (standard error of estimation) has.
been reached, Afterwards, the best fit has been selec-

ted out of the three possibilities, In no case had a
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combination which was not contained in either the
0.95 or the 0.99 models to be elected. The results
appear in table D.2 . This modus operandi is made
possible by the stepwise nature of the procedure, and
it constitutes, together with the possibility of ob-
jectively dealing with the collinearity hroblem, its
most important advantage and the main reason for
chosing it.

Errors of measurement or failure to fulfil the as-
'sqmptions result in serial correlation among the re-
siduals (Johnston, 1972; Nie et al., 1975). When not
internally neutralized because of opposite signed
autocorrelations contributed by two or more indepen-
dent variables, it can be detected by means of the
Durbin-Watson test (Durbin and Watson, 1950 and 1951).
As one of the options within the subprogram, the
Durbin-Watson statistic to each complete regression
model is calculated by request. The results of the
test for the 0.95 and 0.99 models are, as a whole,
quite satisfactory (table V.1-1), especially at the
inner arm and - curiously enough - within the smaller
éamples. The scattergfams which plot residuals versus
predicted Y values do not show any of the aberrations
consistently associated with the persistence of lin-
egarity or'curvilinearity not accounted for by the pre-
dictors (fig. V.1=1). Any.existing 'abnormalities'
are instead presumably to be associated with occasional
failure in fulfiling the normality and homogeneity of
variance assumptions or perhaps even to undetected er-
rors of measurement, limitations upon which no further
control can be effected.

The mean, standard deviation and number of cases
OFVeach of the variables dealt with in the present
~section are shown in table V.1-1. Unknown cases have
been deleted listwise,
| The number of variables producing (after selection
acdordning to the optimum SEE) the best fit is normal-
ly between one and three. The identity of these pre-




|ean
h1 268.488
£h? 55.795
fh3 36.212
fhé 55.578
ms 33.600
né 39,037
£h7 52.236
s 61.436
£h9 63.725
‘“ﬂfh 161,261
age 22.664
erfh 0.142
newhat 0.465
cerfhnow 0,005

21,666
m e
hé 28.097
s 27.882
£h7 44,968
fh8 5%.235
£h9 56.566
daysfh 208,029
ago 23.154
‘habitf 0.779
crfh 0.067
newhat 0.712
erfhnow 0,048
fh1 27.022
£h2 31,456
fh3 34.681
Thé 3%.572
h5 32.319
£hé 36.309
m7 50,906
£h8 £9.084
£h9 62,413
daysfh 246.688
age 21.094
habitf 0.625
crfh 0.250
newhat 0.344
erfhnow 0.063

d
.4,

4.828
5.072
5.603
5.219
5.312
5.420
5.764
4,895
‘.528
102.183%
13.275
0.459
0.350
0,500
0.069

5.502
4.150
4,229
5.857
5.509
4.570
4.585
4.634
4.127
182.460
7.170
0.417
0,252
0.455
0.215

3.366
3.596
4.0034
3.841
5.031
5.498
4.295
4.485
5.223
124,538
%.880
0.492
0.440
0.483
0.246

Table V,1-2,

211 29,720
37.021
57.283
37.719
35.864
41.131
54.202
62.553
64.380

141,055
27.028

0.899
0.358
0.480
0.217

104 23.384
%0.169
30.063
30.514
30.018
35.583
46.643
54.331
57.386

191.048
22.352

0.886
0.343
0.914
0.295

52 29.844
34.776
36.685
36.894
35.083
‘39,987
53.530
62,161
64.424
209.544
20.674

0.739
0.413
0.478
0.348

.
s.4., X

4.609 327
5.066
5.162
5.131
5.024
4.977
4.683
4.160
3.818
7'0‘07
17.096
0.302
0.480
0.500
0.413

4.096
4.290
4.568
4.403
4.306
4.904
4.947
4.592
4.379
144,904
6.914
0.320
0.477
0.281
0.458

105

3.408 46
3.649
4.155
5.878
4.039
3.395
3.557
3.519
3.113
66.543
3.754
0.444
0.498
0.505
0.482

sean
uiel 54.291
uia? 43.60%
uial 44.210
uiad 43.699
uiab 41,076
uiab 46,124
uia? 57.33%0
uiad 63.981
aiaf 65.746
daysuias 173,652
age 22.546
habitu 0.691
eruia 0.169

eruianow 0.0

uial 51.044
uia? 56.61}
wial 38.78%
uniad 38,200
uia$ 36.996
uiab 42.417
uia?7 52.680
uia8 58.756
uiad 60.954
daysuis 284.821
age 23.487
haditu 0.756
eruis 0.064

eruianow 0,013

uial 35.358
uia? 41,200
uiald 43,761
uiad 43,068
uiab 41.068
uiab 45.129
uia? 56.684
uia8 62,345
uia? 64.639
daysuia 252,581
age 21.161
habitu 0.613
cruia 0.129

cruianow 0.0

d
8.4,

4.758
4.856
5.464
4.879
4.669
4.276
4.408
4.241
5.568
96.907
13.133
0.463
0.376

0.0

4,480
5.028
5.054
4.684
4.341
4,682
4.415
4.282
4.075
166.374
7.383
0.432
0.247

0.113

4.905
4.867
4.143
3.761
4.515
3.332
4,028
3.090
3.418
121.977
3.925
0.495
0.341

0.0

samples irnvolved in the regression analysis of table D.2.
Sinles and females separate,

N mean

35,215
43.61%
44,074
43,940
42.235
47.113
57.306
63.542
64.827
156.87%
27.511
0.897
0.420

207

0.038

78 33.167
41.256
41.130
41.641
39.778
45.071
54.780
60.912
62.917

259.974
22.846
0.859
0.192

0.039

- 31 57.651

43.560
45.291
44,933
42.269
46.642
57.298
62.764
64.467
210,956
20.711
0.733
0.244

0.044

Means, standard deviations and number of cases of the
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?
0.4,

$.039
5,253
5.409
5.106
4.826
4,717
4,899
4.595
4,276
70.940
17.325
0.305
0.494

0.191

4,706
5.057
.5.461
.4.880
$.332
5.915
4.954
4,034
3.875
113.540
7.839
0.350
0.397

0.194

T 5,434
5.685
5.124
4.802
5.048
4.197
4.340
5.634
3.234

66.594
5.788
0.447
0.435

0.208

319

78

45
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Pig. V.1-1, Scatterplots of residuals. In each of the gra-
phics the verticel axis represents the residuals while the
horigontal exis represents the variable against which the
residuals are beirg plotted. The diagrams (a) to (d) show
four basic petterns that might emerge. (b), (¢) and (8) be-
tray 'abnormalities' that require correction. The pattern
of (b) indicates t'at the variance of residuals depends upon '
the value of the variabtle plotted on the horizontal axis.
The pattern of {c) is irdicative of 'a linear relationship
between the residuals and the variable on the horizontal
axis, The arched pattern of (d) is indicative of a curvi-
linear relatiorship between the residuals ard the variable
rlotted on the horizontal axis. Only the straight band
pattern of (a) indicates relative freedom from ahnormelil-
ties, (After lie et al., 1975).

dictors presents a regular pattern only within the
bigger samples, Swedish males and females. Among
Swedes, two of the three first places are occupied
by some function of days- (normally d-in or d-1lg)

and one of the powers of age, except for females at
the inner arm where age’s place is taken by cruianouw
or by no predictor at all. The remaining position,
when there is one, belongs usually to habitu, habitf
or crfh, Among Spaniards, the usefulhess of the be-
havioural variables as predictors (most of them, ex-
cept habitf and crfhnow) has increased at the ex-
penses of the functions of age and days-, parti-
cularly among females at the inner arm where they
have completely replaced them. The number of pre-
dictors has decreased with respect to Swe+Asuwe, A‘
further fall characterizes the British samples. Here,
habit- often takes the first position from the func-
tions of age and days-, except among males at the inner

arm and females at the forehead, where those two kinds




still occupy them in block. As a whole, the picture -
agrees well with what has already been reported in the
preceding chapters.

It must be emphasized that,:owing to the idiosyn-
crasy of the stepwise regression method, it is by no
means safe to look at the predictors in the regression
equation as representing the variates most highly cor-
related with the independent one, This assertion is
only true of that entered in the first place. Since
a predictor’s partial correlation coefficient is only
ad justed for variables entered into the regressiop
model prior to its own admission, it may introduce’
within itself other variates’ correlations with the
independent one, and so indirectly represent other
underlying dimensions. and their effects, as well as
its own. This is often the case between habit- and
cr-, on the one hand, and between the functions of
age and days-, on the other. Thus, it is neither safe
to look at the variables in an equation as unequivo-
cally representing all dimensions worthy of consider-
ation, It may well be the case that one or more of
the predictors stand, combined or separate, for one
or more dimensions which, apparently, were not con-
sidered at all, '

Among Swedes, variables age and days- range over
very wide values, a fact that creates the mathemat-
ical ground for an easier manifestation of corre=-
lations., In addition, the average last radiation in-
take lies much closer to the test day than within the
other samples, which works in the same direction as
increasea score dispersion within days-, and a cer-
tain proportion of the Swede’s sunbathing activities
very often takes place in Southern Europe’s holiday
resorts., At home, under skies which are overcast
during most of the year, it is relevant to consider
" how often and methodically exposure takes place,

Consequently, habit- and crfh become important,
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although secondary to age and days- functions.
Among the behavioural predictors the predominance
of habitu is undisputed at the inner arm, But at
the forehead, the distinction between exposers and
non-exposers is somewhat blurred and crfh becomes
relatively important as well, It has been pointed
out that, generally, inner arms become lighter and
foreheads darker with age, but among women cruianow
has become a factor to reckon with, almost always
4reinF0rcing the usual trend. Crfhnow’s and newhat’s
beta regression coefficients are often not smaller
than crfh’s, but they are prevented from admissiqa'
because of their small T’s. .

Among Spaniards, as among the British, owing to
the much shorter distribution range for age and to
the relative remoteness of the average last radiation
intake at the inner arm, the behavioural variables
appear frequently in the first places., At the inner
arm, the relevance of being or not being an exposer
is enhanced in the radiation-rich Spanish climate, as
revealed by habitu’s beta regression coefficients. In
comparison, cruia is less important. But exposer or
not, there is no way for a forehead to escape regular
irradiation unless it is normally covered. Here the
determinantifactors are the extent of the use of
fringe and hats, especially among males, and of pro-
tective creams among females. Crfhnow and habitf are
often either small or too highly correlated (low T)
to predictors in the equation, in which case its ad-
mission is normally blocked.

Within the British samples, the average last radi-
ation intake lies far behind in time and the days-
dimension keeps its importance only among males at
the inner arm and females at the forehead, although
its admission is obstructed in the second case by low
T's., Age is still of some importance everywhere - par-
ticularly at the forehead among females - but not at

each filter. Among males at the inner arm and females
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at the forehead differences between exposers and non-
exposers are small, as revealed by the sizes of their
beta regression coefficients. Since proximity betuween
the means for habit-‘’s two categories, in the tuwo
aforementioned cases, is not likely to go accompanied
by high levels of radiation intake, days-‘s importance
can not be attributed there to the enHancing effects
of intensive exposure on the pigmentation levels of
cases widely dispersed along dimension days-. Instead,
it is presumably to be seen as the effect of unusual-
ly high dispersion values on magnifyingiinitially‘
weak inter-individual differences (formula IV.1-1) 'by
lengthening the maximum.available inter-individual
time distance between any two stages in the decaying
processes of different pigmentation cases., In view of
the results, there are reasons to suspect that - at
least among the British - a male exposer is relative-
ly unconcerned with his inner arm, since females do
not fail to achieve ‘much greater differences there;
while female exposers are possibly not much more con-
cerned with tanning their foreheads than their non-
exposer counterparts - in spite of the information
they fed into the questionnaire - or perhaps they are
not very sUccesFul at it.

In addition to the random drift of frequencies
that often takesplace when samples are small, and _
which can affect the nature of our results by unduly
augmenting or diminishing the weight of a certain
category or subgroup of scores, it must also be borne
in mind that failure on the experimenter’s behalf to
attain comparability of distributions for the differ-
ent samples under study, may well affect the reliabil-
ity of the results when working at the inferential
level., This point is particularly well illusprated in
the present study by the impact that the dispersion
statistics’ size for days- and age, or even the lo-

cation of their means, have on the regression equa-
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tions. Intercorrelations between independent vari-
ables and subsequent intermingling of their effects
on the dependent variate can be controlled for, but
there is no way to correct for either erratic fre-
quencies or structural 'inconveniencies' within the
predictors when extrapolating to the population
level., The ideal sample should be as comprehensive
in detail as possible and should present all kinds
of conditions with scores and categories abundantly
represented for the regression model to have a chance
to evaluate them in a fully generalized context:.a
requirement seldom if ever approached. The author is
well awaré of the numerous shortcomings of ‘the cur-
rent work in this respect: scores and categories
numerically underrepresented, mere dichotomies stand-
ing for full-scale continuous variation, dispersion
ranges shorter than the real ones., All these limi-
tations particularize the conclusions., They may be
right for the sampfes, but less so for the  popu-
lations from which they were extracted, This is es-
pecially true of the smaller samples: the Spaniards
and, above all, the British., '

The multiple R’s for the inner arm (table V.1-3)
tend to decrease from both ends of the spectrum to-
wards the middle, reaching a minimum at the fifth
filter (eventually at the sixth, instead), although
the trend is not altogether consistent. No recognis-
able trends appear at the forehead, althouéh the last
two filters usually present the lowest figures, Mul-
tiple correlation coefficients vary for the inner arm
between around 0.17 (uia9) and 0.45 (uial), for
Swedish males; 0.18 (uiaé) and 0.38 (uial), for
Spanish males; and between 0.29 (uia4) and 0,59
(uia8), for British males. From around 0.34 (uia5)
to 0.46 (uial), for Swedish females; 0.14 (uiaB) to
0.33 (uia?7), for Spanish females; and from 0,15
(uia5) to 0.29 (uiaB), for British females., At the
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duin . A1l dulg

/ Table V.1-3, The regression of pigmentation on age and
the behavioural variables, Relative importance of the
vredictors. All filters. Same parameter specifications
as for Table D.2.
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The regression of pigmentation on age and
the behavioural variables. Relative importance of the
rredictors. A}l filters. Same parameter specifications
as for Table D,2.

Males and females separate.
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The regression of pigmentation on age and

the behavioural variables., Relative importance of the
rredictors. All filters. Same parameter specifications
as for Table D.2.
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forehead it ranges between 0.38 (fh8) and 0.49 (fh5),
for Swedish males; between 0.22 (fh9) and 0.48 (fh4),
for Spanish malesj and between 0.17 (fh9) and 0.56
(fh4), for the British males. From 0.28 (fh9) to 0.44
(fh1), among Swedish females; from 0.21 (fh3) to 0.32
(fFh7), among Spanish females; and from 0.26 (fhS) to
0.49 (fh8), for British females,

Males present higher R‘s than females, with the
exception of Swedes at the inner arm where the op-
posite is true. Among males and females, multiple
correlation coefficients at the inner arm are smaller
than at the forehead, except for British males and -
Swedish females where the opposite relation is valid.
Comparisons between samples produce the following
results: for the inner arm and among males, British >
‘Swedes > Spaniards; among Femaies, Swedes > Spaniards
> British. At the forehead and for both sexes,
Swedes > British > Spaniards.

The percentages of variation (column R2) explained
by the best combination available vary within each
samble, and between sexes and places, naturally in
the same fashion as R. Highest at the inner arm is
35,144 per cent (British o ) and lowest is 1.890 per
cent (Spaniards g), while at the forehead 31,252 per
cent (Britisﬁ.d ) is highest and 3.005 per cent
(British o ) is lowest.

The number of predictors admitted by the popu-
lations at the 0,05 level of significance is even
more reduced. Normally the whole third and fourth
cdlumns, as well as parts of the second, are'drppped
(among Spaniards and the British even some of thg
Firét-position predictors). Among Swedes, at the in-
ner arm, only functions of daysuia; eventually habitu
or even A1, are accepted. At the forehead, nothing
but A1 and functions of daysfh are admitted (in that
order)o.ﬁére, the adjusted R?, a more conservative

estimate of the percentage of variation explained, is
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used instead of the normal one,

The R2 columns also contain the absolute figures
of unexplained variance., Generally speaking, the
greatest variances appear between the greenish-blue
and reddish-orange filters. The greatest value can
crop up anywhere between the second and the eight
filters. The smallest one crops up of ten at the ninth
filter., If the present work has succeeded in isolating
every relevant sort of behaviourally induced vari-
ation, these values should stand for the effects of
every possible non-behavioural dimension underlying
colour diversity in man. In other words, they shouid
reflect genetic diversity and the impact of geo-
graphical differences in radiation levels on pigmen-

tation. We shall return to this point later,

In chapters VI and VII the variability of pig-
mentation of the skin across the categories of pre-
dictors such as sex,.geographical location and blood
groups - when the effects of other variables are being
controlled for or held constant - will be investigated
by means of the.analysis of variance technique. To
that purpose, a knowledge of the dimensions within
which significant internal variability is likely to
appear, when both sexes are pooled together, will be
of invaluable assistance. Thus, two additional regres-
sion analyses have been performed on the data, with
séx'included now as one of the independent variables
and with the same parameters as before.

The results obtained with T = 0.99 (table V.2-1)
were, after careful consideration, selected as the
best choice - since the high number of predictors éd—
mitted when T = 0,95 would have greatly jeopardized
the safety of the conclusions attained, owing to the
increased number of empty cells (known to be a major

problem when analysis of variance is employed).
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Summary

Some elzmentary statistics for the pooled szmgoles
are shown in tabls Y.2-2,

The bigger size of the pooled samples is presumably
the reason of the greatly improved uniformity in re-
gression patterns, In general, for the inner arm (the
only site studied), multiple R’s are somewhat smaller
than those shown by table V.1-3, This may be the effect
of some predictors displaying at certain filters op-
posité=signed correlations with pigmentation for men
and women., R”’s variation along the spectrum is now more
uniform, as measured by the difference between its
maximal and minimal values (difference which augment
with decreasing sample size)., R values generally dimin-
ish with sample size (a not too common condition at V,
1-3). Among Swedes and thé British there is a trend for
decreasing R’s from both ends of the spectrum towards
the middle region, with the highest4values within the
first half of the VL range. Sex is now an important
predictor, practically present everywhere; the others
are collected among those available at table Vel=3,
;with evenfual exchanges among the Spaniards and the
British between functions of days- and age (which for
those samples shouw high to acceptable correlations.

with each other).

A stepwise regression analysis has been performed

on the samples: first, with males and females separate

~ after, with both sexes pooled together. Bigger sample
size was presumably the factor responsible for the
'greéter uniformity of regression patterns in the last
case. The most important trends elicited in the first
regression anaiysis are summarised in section X, in the
text. '

Owing to the mechanics of the method, each of the
variables in a regression equation may stand, alone or
in combipation with others, for one-or more dimensions

which have, apparently, not been reckonéd with.




CHAPTER VI




VIe1l,

. [}
ly at 55° 25 N, 50

The geographical distribution of pigmentation.

Although corrections have been made for the ef-
fects of the behavioural variables in pigmentation
diversity, nowhere have geographical differences in

UV-radiation been taken into account in explaining

 that diversity. The samples come from three well de-

fined areas: Scandinavia (Sweden), Northuwestern Europe

(Britain) and Southwestern Europe (Spain). The three

~countries cover some 14, 11 and 8 latitude degrees

respectively. Their southernmost tips lie respective-
, 50° N and 36° N, Britain and Sweden
are mostly elongated countries spreading in a South=-
North direction, but Spain extends East-Westwards
about as much as South-Northwards. Most of the in-
habited areas of Sweden and Britain are low country,
with often overcast skies and respectively less than
2100 and 1800 hours of sunshine a year (fig. VI.1-4
and VI,1-7), while around thirty per cent of Spaniards
live at an average altitude of 2000 feet, under often
cloudless skies (for the, whole country, from 1700
hours per year into well beyond 3000 hours) and inten-
sive radiation (Fig. VI.1-6). Climate varies according-
ly, From microthermal - with severe snowy winters and
all-season rain, in Scandinavia and Britain - to meso-
thermal - with mild winters and all-season rain or,
more often, rain deficiency, in Spain. It has been
calculated that, taking into account such factors as
length of day and angular elevation of the sun, maxi-

mum insolation of the nothern hemisphere is experienced

on June 21st along latitude 43%0 N (along the Spanish

bnorthern coast); on other dates the corresponding lati-

tude lies further south. Britain and Scandinavia, on
the other hand, lie well beyond the latitude limit for
UV-induced formation of vitamin D in winter (around
40°), but - owing to annual variation in the sun’s
angular elevation - fully within the latitude limit in
summer (around 870). These facts alone ought to suggest

that considerable variation is to be expected, not
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only'betweeh the populations of the three countries,
but probably within them as well,

With this in mind, and without forgetting the
limitations imposed by the size of the samples, it
was decided that the arrangements providing the most
suitable basis for further elaboration were the tra-
‘ditional 'landskap' partition, in Sweden, and the
~historical 'regidén' division, in Spain. The Spanish
'regién' is further subdivided into administrative
entities called 'provincias', which, together with
the Swedish 'lan' - a modernized revision of the
'landskap' unit - correspond approximately to the
English county. They have not only administrative
relevance but a certain degree of historic and demo-
graphic uniqueness as well, In Britain, owing to the
reduced size QF the samples, the only subdivision
which could be undertaken was ethnic: English, Welsh,
Scots and Irish,. Figure VI.1-1, VI.1-2 and VI.1-3 il-
lustrate the aforementioned subdivisions for the
three countries,

The individuals in the Swedish sample come mainly
from Southern Sweden. Not less than 60 per cent of
all Swedes had at least three grandparents from the
southern region, Gotaland, of which 51 per cent came
from Skane (Scania). They all lived in Malmd or near-
by and probably most had lived there the major part
~of their lifetime. On the other hand, most of the
British and Spanish subjects were tested at the Uni-
versities of Durham and Madrid respectively, where
they were only transitorily established, often far
-away from their habitual locations. Around 73 per
cent of Spaniards had at least three grandparents
from central Spaing while-roughly 77 per cent of the
British subjects had at least three known English
grandparents (mostly from western and northern

England),~whilst the fourth might be Scottish, Irish

or Welsh,
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Pig. Vi.1-1, Bweden. (a) Ristorical
&ivision into ‘landaxep'. (b) admi—
nistrative divisior imto 'lkn'.
(After Beckman, 1959),
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In order to detect the effects of geographically
determined environmental differences on pigmentary
-variability, only 'pure' Swedes will be examined,
Owing to the smallness of the samples, 'a special
allowance was made in the case of the British and
Spaniards, in order to avoid further reduction in the
size of the samples: individuéls were admitted into
cne or other of the geographical areas whenever
either at least three of their grandparents had been
bogn in it, or their parents had, In addition, not
only 'hure' Spaniards but also those with one foreign
grandparant were admitted. Owing to the genetical .
structure of the immigrant element in Britain, that
concession was not made in the British case, since it
would have implied a high risk of introducing genes
for heavy pigmentation in the sample. The group coded
99 (regionally unlocated cases) has been suppresed in
the Spanish case, being of ne utility - owing to both
lack of location and lack of 'purity'.

In order to follow as closely as possible Pearson’s
"and the IBP°’s recommendations on necessary sample
sizes for eliciting significance (Dearson & Hartley,
19563 Weiner & Lourie, 1969 ), the provisional regional
arrangement.For Spaniards was substituted by a more
suitable one with more clear historical connections.
01ld established anthropological knowledge of especial-
ly the pigmentary variability of the Spanish population
(S4nchez, 1912; Hoyos, 1952; Fusté & Pons, 1960) and
its history (Font Rius, 1974; Bagué, 1974) served as a
bésis-For this subdivision. In the Swedish case, the
seemingly greater anthropological uniformity of the-

- population presented some difficulties for operating a
priori in the same way. Since the problem with group
sizes is.less acute, an exploratory analysis will first
be performed on the data before eventually adopting

any other measures.,




Since it is not advisable to apply regression
equations to samples other than those for which they
were deduced (Hays, 1981), the regression znalysis
approach will be replaced here by an analysis of vari-
ance. The sets of predictors obtained for uial, uiab
and uia9 in section V will be used as factors and co-
variates, In an attempt to keep cell sizes as big as
possible, while performing the analysis of vafiance,
both sexes have been pooled together and the number
of factors has been kept douwn to two. This led to the
supression of variable cruianow among Spaniards at
the fifth Filter. Since cruianow’s beta regression
coefficient is positive and its contribution to total
explained variation is significant (p <0.05) (Hays,
1981), the supression’s net effect is to enhance the
values of both residual variance and betuween-levels
differences. The first increment is linear and the
'second is quadratic, Therefore, in a t-test the cal-
culated t values will be smaller and so will the
chances for the appearance of significance. The in-
clusion of the variable sex as one-of the predictors,
allows us to check whether the corrections imposed
on pigmentation by the independent variables have
somehow altered the nature of the between-sex differ-
ences previously found in another section. In one
Single case, however, the variable sex was not ac-
cepted as a predictor (for uia9, among the British),
Since its simple correlations with the other predic-
tors were not too high (-0.180, the highest) and T
was elected as 0,95, it is to be inferred that the
main reason for non-acceptance was low predictive
capability (r=-0.026, with uia9). This is wholly in
line with previous results, where the t-test betuween
-sexes was not found to be significant among the
British (3/4-criterion of 'purityf) at the ninth fil-
ter.

Among Swedes, a preliminary analysis of variance

254
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STBPILE SVE
e a % e« oo e e ANALY SIS 0 F VARTIANCE® e oo d o0

UIAt
BY GPLANDSK
SEX
WITH DULG
SUM OF MEAN - SIGNIP
SOURCE OF VARIATICN SOMARRS DR SOUARE P OF P
COVARIATES 2198.117 1 2198.117 112.016 0.000
DULG 2198.117 1 2198,117 112.016 0.000
MAIFN EFFECTS 492,026 17 26,943 1.475 0.100
GPLANDSK 427.557 16 26.722 1.362 0.157
SEX . 76.803 1 76.803 3,914 0.049
2-WAY INTERACTIOMS 63.796 7 9.114 0.464 0.860
GPLANDSX SEX ' 63,796 7 9.114 0.464 0.860
¥XPLAIFED ' 2753.941 25 110,158 5.614 0.000
RESIDUAL 8379,177 427 19,623 ’
BOTAL 11133.078 452 24.631

COYARIATE RAY. REGRESSIOK COEFFICIENT
DULG : 10.799

653 CASES WERE PROCESSED.
" 200 c¢asES { 30.6 PCT ) WERE MISSING.

¢« « %+ e+ FULTIPLE CLASSIPICATION ANALYSIS s>

ip7 3] :
BY GPLANDSK (pooled)
SEX
WITH DULG

LA A N 2L N I I I I 2N I D B DR IR R I R R 2N TR N I IR R I N N R 2NN R R T R B N

" GRAND MEAN = 34,94 ADJUSTED FOR UNADJUSTED
: INDEPENDENTS DEV'N ETA
: + COVARIATES A
VARIAPLE + CATEGORY - L f DEV'N BETA/t t t
. GPLANDSK
1 ' .
1 (sx) 232 -0.210 \ .
44547415 (s¥) 19 -1.815 V1°518 >>o.sos AN
24348410 (SE) 23 -0.796 \9-742 Ni.a60 0.01 Dy 3-087 0.01
12416-25 (x) 12 3.838 (2337 0.01 4/ (12,005 0.05
o 99 (unel.) 167 0.335 /2-646 0.01 + 29212
1 (sk) 232 -0.210 . .
24344 (s.G5t) 31 -1.047 (8'988 5io.951 689 0.01
54748410 (7.G5t) 10 ~1.570 {0:325 AN2,891 0.01 . .
1225 (Sv+rorr) 13 3,185 {2-552 0.01 +
99 (unel.) 167 0.335 /2-234 0,01 +
SEX
1 176 -0.5% -0.28
2 277 0.34 0.18
. 0.09 0.05
MULTIPLE R SQUARED 0.242
WUITIPLE R 0.492

Table VI.1-1. The geographical distribution of skin colour in Sweden,
subdividing the south according to precipitation (I) and latitude (II)

Legend.

1. 99 = unclassified or unlocated cases.

2. A case is allocated to & certain area (gplandsk) whenever not less
than three grandparents are born there.
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UIAS
BY GPLANDSK
SEX
DULG

SOURCE OF VARIATICN

COVARIATES
DULG

MAIN EPPECTS
GPLANDSK
SEX :

2-WAY INTERACTIOYS
GPLANDSK SEX

RXPLAIVED
RESIDUAL

" POTAL

COVARIATE
DUILG

653 CASES WERE PROCESSED.
200 easES ( 30.6 PCT ) WERE

* & ¢ & @

1

9
10

RAW REGRESSIOF COEFFICIENT

7.233

«+ ¢« NULTIPLE

MISSING.

CLASSIPICATIOYXN

GPLANDSK (pooled)

UIAS
BY
SEX
WITH DULG
* ®* v 2 ® & & = * w

GRAND MEAN = 41,74
.VARIAFLE + CATEGORY
GPLARDSK
1

1 (sx)

445+T+15 (sw)

24348410 (s®)

12416-25 (W)

99 (unel.)
11

1 (sk)

24344 (s.c8t)

5+748+410 (§.G5t)

12-25 (Sv+Xorr)

99 (uncl.)

SEX

1
2

-

MULTIPLE R SQUARED

'MULTIPLE R

Table VI.1-1.

o F VARTIANCEC

SUM OF

MEAN
SOTARRS DR SOUARE
985.923 1 985.923 4
985.923 1 985.923 4
383.881 17 22.581
299.937 16 18.746
85.934 1 85.934
138,280 7 19,754
138.280 7 19.754
508.086 25 60.323
279.965 427 21.733
788.051 452 23.867

ADJUSTED FOR
INDEPENDENTS
+ COVARIATES
DEV N BETA/t

0.050,
-1.0857 3'542

3.212 /
-0,095 /

-0.56
0.36
c.89
0.127
0.356

r

5.365
5.365
1.038
0.863
3.954
0.909
0.209

2,776 -
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SIGNIP
OFP P

0.000
0.000

0.414
0.613
0.047
0.499
0.439

0.000

ARALYSIS &

* ® * w & * * ®© * ¢ * v *
ORADJUSTED
DEV’F ETA
t t
0.721 \ .
o.01 yzsm 002+\24m 0.0:
. /.0.842
0.02 +
/
\
/’0’982 '2.380 0.0:
0.05 +\ /32,557 0.0¢
0.02 /0.879 /
-0.41
0.26

‘The geographical dimtribution of skin colour in Sweden,

subdividing the south according to precipitation (I) and latitude (II)

Legend.

1. 99 = unclassified or unlocated cases. -

2. A case is allocated to a certain area (gplandsk) whenever not leas
than three grandparents are born there,
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STBFPILE Sve
* &« e o o o s e e ANALYSIS [ 4 VART ANCE®® ¢ e o % e ¢ ¢ ¢

0149
BY GPLANDSK
SEX
WITH DULG
SUM OF MEAN SIGN
SOURCE 0P VARIATICN , SONARES P SOUARE ) IorI;
COVARIATES 928.862 1 928.862 55.702  0.000
928,862 1 928.862 55.702  0.000
MATN EPFECTS 357,274 17 21.016  1.260  0.214
GPLANDSK 255.427 16 15.964 0,957  0.503
SEX 84.458 1 84.458  5.065  0.025
2-WAY INTERACTIONS 127.533 7 18.219  1.093  0.367
GPLANDSK SEX 127.533 7 18,219  1.093  0.367
BXPLAIFED 1413,672 25 56.547 3.391 0.000
RESIDUAL 7120.512 427 16.676 '

TOTAL 8534.184 452 18.881

i

COYARIATE RAF REGRESSIOF COEFFICIENT
DUIG 7.020

653 CASES WERE PROCESSED.
200 CASES ( 30.6 PCT ) WERE MISSING.

e« +t+ees YULTIP i E CLASSIPICATION ANALYSIS = s

"UIA9 .
BY GPLANDSK (pooled)
SEX
WITH DULG -
'.'.tt...tﬁttt'.t"'tnﬁt-t'-."-n'-"ot
GRAND MEAN = 65.14 ADJUSTED FOR UNADJUSTED
A INDEPENDERTS DEVN ETA
+ COVARIATES
VARIAELE + CATEGORY N DEV ‘N BETA/t t t
GPLANDSK
I .
1 (sx) -0.050 «
0.472 N\
44547415 (sW) 0.410 { g \
24348+10 (sE) -0.739 {g'g?g 0.01 +_/2’69° 6.01 ’\,1.854
12416-25 (W) 3.202<5° 746 0,01 + /0,690
99 (unel.) -0,112 7 .
" (5) 0
1 Sk -0,050 \ N \
. 0.93%
. 24344 (s.06t) -0.780< 47457 ;1088 2,657 0.01
5+7+8+10 (¥.66%) 1.384 <o 065 >§2'833 0.01 £>*o 922 *
y 3,042 ¢,.°; s /0.
12-25 . (sv+Forr) {2.683 0.01 + V%
99 (uncl.) ~0,112 ~
SEX
1 0.56 , 0.72
2 -0.35 -0.46
0.10 . 0.13
MULTIPLE R SQUARED 0.151
MULTIPLE R 0.388

Table VI.1-1, The geographical distribution of skin colour in Sweden,
subdividing the south according to precipitation (I) and latitude (11)

Legend.
1. 99 = unclasgified or unlecated cases,
2, A case is allocated to a certain area (gplandsk) whenever not less

than three grandparents are born there,
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for uial, uia5> and uia%9 as criterion variables and
the predictors, with the addition of gplandsk (land-
skap), as factors and covariates, failed to reveal
significant internal differences between geographical
locations (table VI.1-1). Some of the groups produced
by the landskap subdivision are, however, too small
and it may be that they hinder the appearance of
statistically significant diversity. In order to
check that point, two new arrangements have been
tried. One of the groupings follows latitudinal vari-
ation, whereas the other agrees mostly with the par-
titioning of south Sweden into two climatic areas

- with higher precipitation index in the southuwest,
In figure VI.1-4 the nature of the arrangements has
been illustrated together with some climatological
maps for comparison., Sk&ne, has, in both cases, been
left alone as this subsample was relatively big. The
nature of the regional differences has been explored
by means of t-tests, using in each case as common or
composite variance in the denominator the correspond-
ing residual mean square from the preliminary analy-
sis of variance., As a result, a partition into two
main blocks emerges for all filters and for each
afrangement. On the other hand, there is the northern-
most block; Svealand plus Norrland (with the exclusion
of Vérmland, which goes to the southern block in the
climatic arrangement), which is significantly lighter.
On the other hand, is the southern block which is
composed of several regions. No significant diversity
was observed here betuween the different groups,
neither along latitude nor across climatic regions.
It is, however, very likely that bigger samples would
elicit significant differences., At the ninth-filter,
between the northern and the southern block, dislodged
from the last one,'there is a buffer region (northern
Gétaland vs., the southwest), which does not signifi-

cantly differ from either one, A veritable transition-
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al zone., The results are displayed graphically in

figure VI.1-5, The group with the unlocated ceses .
always occupies one of the positions closest to

Skéne, in agreement with the supposition that its

internal distribution of cases (according to origin)

runs parallel to that of the Swedish sample., The

N .4 ¥

74
el B ////A\\\\
/// - N
% : >
909 v, B\, 99, 5w, B s s2h
sk I sx Isx-
SWw> SE > Sk > 99> N S¥>SE>99>8k> N SE>99.>Sk >SW> ¥
Sv+Korr Sv+Norr Sv+Rorr
/ / !
A
///////// ¥.G5t ¥.G5t /////////’ | B,Gbt
99 ' 99 99
J S.G6¢ S.G8t S5.68¢
Sk 8k Sk
N,GBt > 8,65t > Sk > 99> Sv+Norr 8,68t > 99> Sk > N,G5t > Sv+Norr

¥,05t > S.G5t > 95 > Sk> Sv+Norr

Pig. V1.1-5. Pigmerntation of the skir
in Sweden, '

relative positioning of the regions within the
southern block is pretty constant for filters uial
and uia5, with northern Gotaland and the southwest
(latitude vs. climate) respectively as the darkest
regions, but for uia9 the situation is different.

" Within the arrangement accordning to latitude,
southern Gotaland (together with the unlocated group
and Ské&ne) emerges as the darkest region, while
northern Gotaland leaves the southern block and
takes an intermediate place between north and south.
On the other hand, when considering the subdivision
accordning to climatic zones, the southeast (again
with the unlocated group and Ské&ne) - enclosing the

driest areas south of Norrland - becomes darkest

while, as before, the much more cloudy southuwest




departs from the southern block adopting én inter-
mediate position between north and south,

It is very unfortunate that group sizes are sa
small, since that puts greater demands on the absol-
ute value of the difference between means which is
required for significance. It would be interesting
to see whether bigger samples could confirm the
nature of the differences already suggested by the
present work., Significance figures are better within
the subdivision according to precipitation, but
since this also includes a latitudinal component it
would be wrong to conclude that cloudiness is more
important than latitude at determining pigmentary
diversity, A look at figure VI.1-5 suggests precise-
ly the opposite, since all significant differences
between regions (location groups) align themselves
in a north-south direction. The results, however,
convey the inescapable feeling that there is also in
all prohability an underlying significant west-zast-
ward diversity, at least in the southern part of the
country, where western Gotaland (with the addition
of Varmland) corresponds to the area with next maxi-
mum precipitation in Sweden, while eastern Gdtaland
is the zone of maximum annual duration of sunshine
(allowance made for the bright summer nights in
northern Scandinavia).

Among Spaniards, the reduced size of the samples
prevented, to an even greater extent than in the
Swedish case, the arranging of the material into
small geographical divisions to be used after anaiy—
sis as clustering units, Instead a subdivision into
four wide regions was imposed on the sample., These
were: the Cantabrian north and northwest, the eastern
region (including also Aragén), the southern region
(also including Extremadura and the province of Murcia)
and the centre (basically the hinterland with a few

minor substractions). Canarias (one case) and Balea-
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1At
BY REINO
SEX
YITH Al

SU¥ OF MEAR SIGNIP
SOTRCP  OP VARIATICY SN ARRS pP SOUARE ? OF »
COVARIATES 196.4€7 1 196,467 8.990 0.00%
Al 196,467 1 196.467 8.990 0.003
MAIN EPPECTS 515,862 4 128.966  5.901  0.000
REIRO: 230.928 3 76.976  3.522  0.016
SEX 316,386 1 316.386 14.477 0,000
2-WAY INTERACTIO™S 33.113 2 16,557  0.758  0.470
REINO SEX :. 33,113 2 16.556  0.758  0.470
BXPLATRED 745.445 7 106.492 4,873 0,000

RESIDUAL 4611.145 211 21,854

TOTAL 5356.550 218 24.572

COYARIATE  RAW REGRESSIOK COEFFICIENT
S U 0.1a4

256 CASES WERE PROCESSED.
37 easES ( 14.5 PCT ) WERE MISSING.
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GRAND WEAN = 31.52 ADJUSTZD FOR UNADJUSTED
' INDEFENDENTS DEV'N ETA
+ COVARIATES _ _
VARIAELE + CATENORY N DEV 'R EETA/t t t
REINC '
(4] (Centre; 161 -0.450 1.307
1 $N°T*h; 1 8.660 2.493 0,02 +
2 South 44 0.590 1.573
3 {Raet) 13 2.910
SEX
1 104 -1.270 -1.140
2 : 115 1.150 1.030
0.25 0.22
FULTIPLE R°SOUARED 0.133
WILTIPLE R 0.365

Table VI.1-2f The geographical distribution of skin cclour in Spain,

Legend.,

1. Unlocated and unknown cases are pocled together and excluded from
the calculations. :

2. A case is allocated to a certain area (reino) whenever either not
less than three grandparents or both parents are born there.
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STEPILE S PA
* ¢ o o & 0 o e o ANALY SIS o f VARI ANKCEO® e e o2 0o ¢ ¢ 2@
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SOTRCE OF VARIATICN SOTARES D® SOUARR ) 4 OF P
COVARIATES 83.711 1 83.711 3.613 0.059
Al 83.711 1 83.711 3.613 . 0.059
MAIN EPYECTS 556.885 4 139.221 6,009 0.000
REINO 226.652 3 75.551 3.261 0.022
SEX 374.047 1 374.047 16,146 0.000
2=-WAY IRTERACTIO™S 23.357 2 11.678 0.504 0.605%
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RXFLAIFED 663%.953 7 94.3850 4.094 0.000
RESIDUAL 4888.289 21 23,167
TOTAL 5552.242 218 25.469
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256 CASES WERE PROCESSED.
37 €ASES ( 14.5 PCT ) WERE MISSING.
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GRAYD MEAN =. 37.988 ADJUSTED FOR URADJUSTED
INDEFESDENTS DEV’N ETA
+ COVARIATES
VARIABLE + CATEGORY N DEV'N EETA/t t .
REINO '
0 (Centre) 161 0,320
1 (North) 1 11.060 0.550
2.133  0.05 +
2 (South) 44 0.130 652
3 (Bast) 13 2.640 °
SEX
1 104 -1.390 -1.250
2 115 1.250 1.130
0.26 0.24
FULTIPLE R SQUARED 0.115
MULTIPLE R 0.340

Table VI,1-2, The geographical distribution of skin ecolour in Spain.

Legend.

1. Unlocated and unknown cases are pooled together and excluded from
the calculations, .

2. A case is allocated to a certain area (reino) whenever either not
leas than three grandparents or both parents are born there,
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SEX 173.072 1 173.072 10.844  0.001
2-WAY INTERACTIO™S 73.029 2 36.515 2.288 0.104
REIFRO SEX 73.029 2 36.515 2.288 0.104
ZXPLAIRED 479.898 7 €8.557 4.296 0,000
RESIDUAL 3367.566 211 15,960
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256 CASES WERE PROCESSED.
37 CASES ( 14.5 PCT ) WERE MISSIKRG.
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GRAYD MEAX =  61.79 ADJUSTED FOR UNADJUSTED
. ’ INDEFEFDERTS DEV'E ETA
+ COVARIATES

VARIAFLE + CATEGORY N DEV'F EETA/t + 4
REINO

0 (Centre) 161 -0.140 0.10

1 (Forth) 1 9.210 1'18;

2 (South) 44 -0.070 o :

3 (Bast) 13 0.840 °
SEX

1 104 -0.940 -0.820

2 115 0.850 . 0.740

0.21 0.19
¥UI~IPLE R SOUARED 0.106
¥TIFIPLE R 0.325

Table VI.1-2.

Legend.

1. Unlocated and unknown cases are pooled together and excluded from
the calculations.

2. A case is gllocated tc a certain area (reino) wherever either not
lese than three grandparents or both parents are born there.

The geographical distribution of skin cclour in Spain,




(1)

res (zero cases) were integrated into the south

and the east respectively. The maps of figure VI.,1-6
illustrate the arrangement and the climatic con-
ditions., Excepting the mountain ranges, which are
colder and with more abundant rain and snoufall,
three main climatological areas can be distinguished
in Spain: 1) the temperate north and northwest from
the mountains to the seaboard, with continuous rain-
fall, comparable with southwestern England and Yales
but with much higher insclation, 2) the often steppe-
like Meseta and Ebro depression (this one .included
within the eastern region), with scant and unreliable
precipitation, high insoclation and extreme seasonal,
even diurnal, temperature contrasts and 3) the mer-
idional and oriental coastal districts, with mild-
winters and somewhat cooler summers than the Meseta
(excepting the Guadalquivir depression, the hottest
major area i Europe), high insolation, scarce pre-
cipitation and summer drought. In the southeast,
between the eastern and the southern coasts, north
African climate and orography make an encroachement
into Iberia through the desertic landscape of Almeria
and the eastern half of Murcia., Dessication, initiated
in northern Africa, has also left its scars in the
peninsula‘s landscape and its climate. Thus, defore-
station has accelerated since Reconguista times (1)'
(Cabo & Vigil, 1979), presumably making the climate
drier than it ever was in antiguity.,

'~ The analysis of variance technique (table VI.1-2)
fevealed, among Spaniards, the existence of signifi-
cant pigmentation variability when geographical lo-
cation (reino) is used as an independent variable,
and the effects of other variables are controlled for.

As before, the t-test technique has afterwards been

Reconquista, from 'reconquest'; seen with Christian
eyes, the period of wars against the Muslims between

711 and 1492,

265




(a) Subdivision of Spain into
areas for the study of skin
colour. -

T2°F.

A

JuLy

July Temperature

. January Temperature

(¢) Mear tenperstures of January
and July. (After Way, 1962).

266

{b) Rainfall in the Iberian Peninsula.
(After Way, 1962).
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(d) Mean annual rumber of sunshire
hours . (After Cabo & Vigil, 1979)

Fig. VI,1-6, Climatic conditions and
pigmentation in Spain.
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applied in order to elicit signifiﬁant differences.,
At each filter, the eastern region was found to be
lightest while the central one was darkest. Differ-
ences were significant at filters numbers one and
five (at better than the 0.05 level) and came close
to significance at the ninth filter.

If nothing other than climatic factors were re-
sponsible for differences in pigmentation, a gener-
ally longitudinal gradient, with the lightest skins
in the west, should be expected in Britain, with the
superimposition of a north-southward darkening trend
in. the southern half of England (fiqure VI.1-7)., His-
torically, however, most light elements brought in
by . successive invasions have concentrated in the
eastern parts of the country, while remnants of

: oIder'populations, apparently richer in darker com-

‘; plexions, have often taken refuge in the remote west

(Fig. Vi.1-8). That may already be reflected in our
results (table VI.13), as a consequence of. the
__nﬁheriéal,predominance of . English subjects (with a
' high percentége of heople from the eastern lowlands)'
1ih}£hé‘8ritish sample, but because of the coarseness
of: the partition (imposed by the small .size of the
s§mple) and because of the non-significant character
.of the differences, no relevant conclusions can be
'in%erred}

" When turning to the effects of variable sex in

'i‘pighentation it is seen that, when other variables

are controlled for, differences between the sexes are

sidnificant at all three filters, among Swedes (be-

e jfdfe at only five and nine) and among Spaniards (ast

baééfé), while among the British the effects of sex

' were not significant at all (beFore.they were at the
first- filter). Thus, correcting for the action of the
other predictors and the geographical variables pro-
duged some minor changes only in a couple of cases:
ﬂ:fexpedtad ohaldf them, unexpected. the other. Other
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¢) Isotherms for July and January.
After Dury, 1978)

(a) ¥ear annual precipitation.
(after Dury, 1978).

(b) Mean daily duration of bright
sunshine im hours. (After Dury, 1978).

Pig. VI,1-7. Climatic conditions in
Great Britain and Ireland.
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Fig. V1.1-8., Some directions and limite of early

settlecert and cortrel. (After Dury, 1978).
‘abnormalities' have before been elicited among the
British, The reason for the departure from expected
conditions among them can only be conjectured. We
will return to this point later.

Among Swedes, the variable dulg is the most im-
portant at explaining pigmentary variability. Its
effects are always significant (p=0.000), Nowhere
were interactions between factors found to be signi-
ficant. There is no need to worry about interactions
between factors and covariates (not considered by
the SPSS anova subprbgram) since the nature of the
régression method used for selecting them warrants
that no two highly or even mocerately correlated
variables will be accepted together. Thus, more than

geographical location and more even than sex, the
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SUSBFILE GBP

LR JEE B AR B I ; A NALY ST CS J F V A R I ANTCEO® « » ¢ %« = % ¢ ¢ o
UIA
BY ETHNDS
SEX
WITH A3

LN JE N B AR N N BN NN DN DR IR ANE JNF K N S 2 I 2N N N R R R R K JRE B SN Y R BRI T 2 IR 2

cuUM OF MEAN SIGNIF
SOURCE OF VARIATION SCUARES 5F SQUARE F OF f
OVARIATES 197.2L5 1 197.345 2,461 0.8n5
Al 197.3458 1 197,345 B.461 0.035
MAIN EFFECTS 122.317 5 40.790 1.749 8.165
-"ETHNOS 24.8545 17,433 0.747 677
SEX 65.942 1 65.962 2.828 0.997
2-wWAY INTERACTIONS 3.54¢ 1 T.€42 7.152 5.69°8
ETHNOS SEX 2.5642 1 3.542 0.152 0,662
. EXPLAINED 323.257 5 64,651 2:772 0.024
RESIDUAL 1702.561 73 23.323
TOTAL 2025.818 78 25.972

COVARIATE - RAW REGRESSION COEFFICIENT
A3 -0.000

79 CASES WERE PROCESSED.
0 CASES ( 0.0 PCT) WERE MISSING.

SUBFILE 68

* % MU L Tu%a? L E CLASSIFICATION ANALY SIS + e
gy ETHNOS
SEX
WITH A3
* & & ® * * & & & & & & w *k & S & T * * *F ® & * * & & & & & ¢ ® & & € & & € &
GRAND MEAN = 37.09 ADJUSTED FOR
ADJUSTED FOR INDECENDENTS
UNADJUSTED INDEPENDENTS ¢ COVARIATES
VARIABLE + CATEGORY N DEV'N ETA  DEV'N  BETA DEV'N BETA
ETHNOS ‘
3 61 0.35 0.30
31 ‘ 2 -4.09 -3.31
89 16 -0.83 -0.73
0.16 0.13
SEX
: B pih
" B.25 T 0419
MULTIPLE R SQUARED - 8.158
MULTIPLE. R . 397

Table VI.1-3. The geogrephical distributicn of skir cclour in Pritain,

Yegend,
1. 99 .= urloceted cases.
2. A case ip sllocated to e ceriein ethnic grour whenever not less than

three grandperente belong to it.
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SUBFILE G8

* r e + » & * « « ¢« AN ALY S TS [e I VA RT ANCEZ » ¢ ¢ 2 2 ¢ ¢ ¢ ¢ #
yias :
BY ETHKNQS
SEY
WITH Al
"..i"'ttt't'tt'ttttt.tt".tt'..'t"tt'
) SUM OF MEAN SIGNIF
SOURCE OF VARIATION SQUARES DF SQUARE F OF F
ARIATES 147.087 147.037 2.175 «208
v §I TE 147.087 1 147,087 7,375 8.088
MAIN EFFECTS 56,632 X 18.211 n.31% 8.639
ETHNOS 22,583 . 2 14,277 Q.71¢ 692
SEX 16.916 1 16.91¢ 0.848 0,360
2-WAY INTERACTIONS 0.001 1 0.001 0.000 0Q.99¢4
ETHNOS SEX 3.001 1 0.001 0.000 0.99¢
EXPLAINED 201,720 5 40,7464 2.02 0.085
RESIDUAL 1455.927 73 19.944
TOTAL 1657.646 78 21.252

COVARIATE RAW REGRESSION COEFFICIENT
A3 . : -0.000

79 Sasss. sns pnoce§seo.

0 CASES <0 °CT) WERE MISSING.

SUBFILE 6B ’

* x o MULTI

yla

ay ETH

SEX

WITH A3

ttt-‘.ﬁittttttttt._t'tttttfﬁ'.til‘f.iii.li!tt

? L E CLASSIFICATTION ANALYSTS .
NOS

GRAND MEAN = 42.02 ADJUSTED f
VARIABLE + CATEGORY N DEV'N ETA  DEVIN  BETA 0569x‘“‘éé$2
ETHNgS ' 0 32‘
. .29
3] 2 -3.02 -g.;e
99 16 -0.83 -0.75
0.1% 0.13
SEX 33 91
2 a8 §:8l 228
, 0.17 0.10
ULTIPLE R SQUARED
gUETlPLE R 82%33

Table V1.1-3. The geographical distribution of skin colour in Rritain,

Legend.

1. 99 = urlocsted cases,

2. A czee is allocated to a certain ethnic group whenever not less thar
three grendparents belong to it.
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SUBFILE G8

LA A S 'U;A; ANALYSTIS 3 F VARIANCE ® # % & ¢ ¢ ¢ « # #
o
W1TH DUS N .

P A A I I I R R R EEEE I R T
SUM OF FEAN SIGNIF
SOURCE OF VARIATION SQUARES DF SQUARS F OF F
COVARIATES 18.527 1 10.927 1.113 0.295
LIVE 10.527 1 10.527 1.113  0.295
MAIN EFFECTS 13.020 3 6.007 .635 0.59
ETHNOS g.?;é 2 1.898 8.??6 O.8°§
CRUIANOW 16.€10 1 16.610 1.75¢6 0.190
EXPLAINED 28.5486 4 7.137 0.755 0.5%9

RESICUAL- : ¢05.338 64 9.4%8

TOTAL 633.88¢4 68 9.322

COVARIATE ‘RAW REGRESSION COEFFICIENT

ouUS -0.000
79 CASES WERE PROCESSED.
10 CASES ( 12.7 PCT) WERE MISSING.
DUE TO ENPTY fELLg OR A SINGULAF MATRTX.
MIGHER ORDER INTERACTIONS HAVE BEEN SUPPRESSED.
SUBFILE 6B
ree HUL Tufng LE CLASSIFICATION ANALYSIES
BY  ETHNOS
CRUIANOW
WITH DUS
iti._ﬁ..ﬁﬁ'.*ti<ﬁt-itﬁtQ'tttttt»-tt'ﬁﬁ._ﬁi'lit
GRAND MEAN = 66.87 ADJUS
ADJUSTED FOR  INDEP
, UNADJUSTED  INDEPENDINIS & cav
VARIABLE + CATEGORY N DEV'N ETA DEV'N  AETA  DEVIN
Erungs '
. 52 0.08 0.10
39 18 2838 883
. 0'05 . e
CRUIANOW 68 0.06 0.06
1 -3.87 ~-4.06
0.15

'MULTIPLE R SQUARED
RULTERLE R _

Table VI.1-3. The geographical dietribution of skin cclour in Britain.

Legend.
1., 99 .= unlocated cases.
2, A cape ig alloceted to a cerieir ethnic group whenever not less than

three grandparents belong to it.
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‘time elapsed since the last sunbathe is decisive in
determining intra-populational variation in pig-
mentation. As mentioned before in another section,
dimensions not directly appearing among the varia-
bles accepted as independent may, however, be rep-
resented by one of them. The representation’s ef-
ficiency depends directly on the strength of the
correlation between the pair of variables standing
for the effects of those twoc dimensions. However,
the higher the correlation between those two the
greater the reason for not accepting more than one
of them, since their effects will overlap to an in-
creasingly significant degree.

Among, Spaniards, variable A1 takes dulg’s place.
Although age’s effects are significant at filters
number one and nine (p=0.059 at the fifth filter),
its importance at those filters is only secondary to
sex. Interactions are not significant, At the fifth
filter, géographical location (reino)Awas found to
be more important than age. -

Among the British, age is clearly more relevant
than sex in accounting for variation in pigmentation
at filters one and five. Only the effects of age
were significant. At the ninth filter, apart from
ethnos, two new variables were accepted as indepen-
dent instead of sex. None of their effects were
significant. Neither were the interactions., This in-
consistency of character in the internal structure
of the British sample may, presumably, be inter-
preted as a side-effect of the very reduced size of
the sample, It may serve as a warning against the
-dangers of attaching too much imporgance to results
extracted from small samples,

Before the 50°s observations on skin colour were
done by means of visual methods (either direct or
comparative), @hich involved an element of consider-

able subjectivity, and was, consequently, not very




accurate, Skin colour in Scandinavia in general
(Coon; 1939) and in Sweden in particular (Lundborg

& Linders, 1926) is, since those days, reputedly
considered very uniform, a feature which the results
from the present work also seem to suggest. Pigmen-
tary variability within British populations is knouwn
to be considerable, after much reflectophotometric
work done among them during the last twenty years.
However, a certain percentage of i} (presumably
small) is, in the author’s oppinion, due to eventual
mis-calibration of the spectrophotometers and/or to
differences between them (normally in the choice of
filters) (Ferndndez, in print). We will return to
this in the last chapter. For Spain, as for Sweden,
with the only exception of some reflectometric work
done among Spanish Gipsies, there is no previous

. instrumentally obtained information on skin colour.
The traditional anthropological evidence speaks, houw-
ever, for considerable variability, which only par-
tially follows the country’s climatic features,

In Sweden, comparison of tﬁe regional reflectance
curves show Ské&ne and the southeast to appear
'whiter' (slightly more horizontal) than the south-
west, which is in turn 'redder' (fig. VI.1-9). The

Pig. VI, 1-9, Regional re-
flectance .curves., Sweden ,
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reflectance curves for the southeast and for Ské&ne
are parallel (with Ské&ne, as a whole, lighter),

while lightest and 'whitest' is the north (1).
Although the size of the regional groups, first, and
absence of significance, in the second place, do not
allow many generalizations, it is worth investigating
whether greater redness of skin is not to be associ-
ated to the windy and rainy wheather of the atlantic
type of‘the western seaboard., A similar situation was
found in Ireland (Sunderland et al., 1973), where
Ballinlough and Rossmore, both in the western half of
the Island, were 'redder' than Carnew, in the south-
east. (Ballinlough was, besides, absolutely lightest).
The Swedish southwestern region is, like the Irish
one, richer in red hair (together with Sk&ne), while
the southeast includes one of the blondest areas in
Sweden. In addition, Beckman (1959) found a serologi-
cal duality in southern Sweden (fig. VI.1-10), ac-
cording to which Skéne and the southwest, with their
relatively high frequencies of 0 and D-negatives,
suggest a greater than average influx of Paleolithic
and, according to Beckman, also Megalithic blood,
while the southeastern region would reveal eastern
influence (high B, low A,y low M and D-negatives),
perhaps partially owed to the Finns but basically

. older than them.,

In Spain, according to the army medical Sédnchez
Ferndndez (1912), the reqgions with the darkest skins
are all but one wholly or partially included in the
Meseta (fig. VI.1=-11). He lists the following: one
from Pontevedra (Galicia) to Palencia (Leén), an-
other between the central Pyrenees and the Guadarrama
mountains (north of Madrid and Guadalajara), a third

one including Extremadura and Toledo (in the south-

It must be stressed here that no Lapps (not even
half-breeds) who could alter the northern region’s

status, were measured.




Reclman’'8: —
Lurdman’s: - -

Pig. VI.1-10. Classification of the Swedish
population into genetically different subpo-
pulations. (After Beckman, 1959), Iundman’s
subdivision, based on anthropometrical data
has been superimposed for comparison (after
Lundman, 1946).

western corner of the Meseta) and the fourth one
which extends across Almerfa, Granada and M4laga
(in eastern Andalucfa). In general the provinces
along the Portuguese frontier are darkest and the
Cantabrian and Mediterranean ones (except the
southeast)are lighter. A striking feature, which
is fully supported by the present research, is the
_contrast between the hinterland, a massive core of
highly pigmented individuals, and most of the
coastal districts, which include the lightest
skinned province in Spain (Alicante, in the east).
It is, indeed, remarkable that small samples,
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Dark .4 ==
aolo:.: sein _§

Pig. VI.1-11, Pigmentatior in Spain.
(Tertetive after Sdnchez Ferndndez, 1912).

like these, should exhibit such a high degree of
agreement with expectation (in terms of ecological
factors or of current knowledge).AIt is hoped that
future investigations will help either to verify or
to discard at least some of the points which emerged

during the course of this research.

The analysis of variance technique elicited the
existence of significant differences between geo-
graphical areas, within the two'biggest samples, when
othér factors were controlled for. The results, in
spite of the reduced size of the geographical partit-
ions, are mainly in agreement with the expected in
terms of climatic factors and current knowledge.

Dimensions days-, age and - eventually - sex were
found to be more impoftant than geographical location

in accounting for internal pigmentary variability.,
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Distribution of hair colour and eye colour,

While sample sizes for hair and eye colour are of
the same order of magnitude as in the preceding sec-
tion, the method of measurement is not equally accu-
rate and, since the field is. secondary to the main
subject of this work, the only reason for studying
the geographical distribution of those tuwo variables
is documenting the skin colour of our samples within
a wider context,

In tables VI.2-1 and VI.2-2, a and b, variables
hair and eye have been rearranged according to the
same geographical regions as in section VI.1. The
deviations of the regional observed frequencies from
the expected values (corresponding in each case to
those of the remaining population) in most cases
seemed too small for significance, and so only Skénes
deviation was investigated using the chi-square tech-
nique., Differences are only significant for variable
eye (p=0.043), with Sk&ne emerging as dafker-eyed
than the other regions. After Ské&ne comes first the
north, then the southeast and - in the last place -
the southuwest. For variable hair, the regions can be
arranged'in order of increasing fairness as follows:
north, southeast, Skédne and southwest. The differences
are, however, not significant,

‘Among Spaniards, after removing the northern area
(reino 1), which only contains one obserVation, sig-
nificance was attained for variable hair (p=0.036).
The eastern region is fairer than average, while both
the centre and, especially, the south are darker"
(although the centre’s deviation is not significant).
With respect to variable eye, although the differ-
ences are again not significant, the south emerges as
darker than the east, which in turn is darker than
the centre.,

Thus, the comparatively dark pigmentation of the
skin of Scanians finds a counterpart for eye colour,

while the evidence for hair colour is inconclusive,




(a) Bye
1 SE sw .| 95
ERE 2 {3 a9
39.289 1 4.015 | 3.017| 2.581) 26.104
je26 |23 10 15 |77
234.711? 23.985 { 17,985 { 15,419 167,806 |
¥ 4
274 2& 21 18 196
2 2
2 (1, rest) = 4,091 x° (59, rest)
af = 1 p = 0,043 + ar = 1 r

' fable VI.2-1.

Legend.
1. 1 = Skéne;

2. Pirst row:

Distributicrn of eye

(a) ®ye

1 2 3 Centre
0 34 10 124
0.764 | 33.600 9.9271123.709
1 10 3 38
0,236 .1 10.4 3.0731 38.291
1 4 13 162

x2 (2, .3, centre) = 0.0%1

ar = 2 p = 0.995

77

460

537

non
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(b) Bair
1 sE " sw ) 9g
79 & 14 19 54 154
7€.557 | 7.390 5.912, 6.503! 57.639
180 17 P16 L3 141 367
182,443 117,610 14.088; 15.497] 137.361 |
259 25 20 22 195 521
2 - 2 .
x° (1, rest) = 0.1%9 x° (ST, rest) = 0.30¢
4f = 1 P = df = 1 p = 0.340

0.710

cclour (a) anéd heir colour (b) in Sweden

96 = unclassifisble; SE, SW and N as in section VI.1.

observed frequencies. Second row: expected freguencies.

(b) Hair
1 2 3 Centre

168 1 40 8 137 186
0.846 37.2 10.991 136.964

52 ] 4 5 25 34
0.155 6.8 2.009 25.0%6

220 1 “ 13 162 220

x? (2, 3, centre) = 6.606

af = 2

p = 0.036 +

Table V1.2-2. Distribution of eye colour (a) and heir colour (b) in Spain

Legend.
1. 1 = north, 2 =

south, 3 =

east. {All as in section VI.1).

2, Pirst row: observed frequencies. Second row: expected frequencies.
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This is fully in agreement with the results obtained
in older, more extensive surveys (fig. VI.2-1),

The same situation is observed among Spaniards,

‘for whom it is known that blondism of hair and eyes,

among Aragonese and Andalusians, and of hair alone,
along the eastern coastal zone, are more frequent
than among the inhabitants of the Meseta (fig. VI.2-
2). Again, as among Swedes, pigmentation of the skin
appears to conform to expectancies better than do
pigmentation of hair and eyes.

As a whole, hair colour seems more variable than

"eye colour among Spaniards, while the opposite is

true among Swedes. However, since sample sizes are

small, it is rather risky to elaborate any further,

Between geographical areas, as revealed by the
x2-technique, variability of hair colour and eye
colour in Sweden and Spain is - when existent -
mostly in agreement with established knowledge,

Pigmentation of the skin is shown to follow eco-
logical variability more closely than eye colour and

hair colour do,




(e)

(a)
Light and mixed eyes in men (%).
(No. 1-8 of Martin-Schultz’s scale).

A

INLAND

LITHUANIA

—— ¥

{
Riga
Vay
ATVIA

5.1-5.4 64-10.4

(a)

(v)

Light hair among 22-year old men (%).
(No. 1-3 and 7-26 of Fischer’s scale,
and no., I-VI and A~Q of Pischer’s and
Saller’s scale).

- -
| S S
. . - tey
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% 5.85-77 T26-810 11ee-1350

Fig. VI.2-1. Distribution of hair colour (a) and eye colour {(b)
in Sweden. (After Iundmean, 1944). For comparison, distribution
of brown eyee (c) and of "predominantly dark types" (d) by 'lsn'

(After Lundborg & Iinders, 1926).
Legend.

1. Lundman himself considered his map for hair colour not totally

accurate (Lundmen, 1967).

2., As "predominantly dark types" are included those with light
eyes and dark (head) heir and those with dark eyes and medium

brown {head) heir - or darker combinations.
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1: Blau, grsublau, grau und hell D =¥,
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2.

&kastanienbraun

g
S AHounigfaroen

— 17

= 1 Navarra, Zaragoza, Guipuzcos). E = 1, E =V

. = braun. ..... Greaze der graublauen (garzos) mehr ala blauen (azules). (= Graublsu ond blau gleich-
miissig.) — Viscaya: bl, grobl. = Y. Vizeava: UL, mv-bl, gr. == Y. Vizeaya: b, gre-bl., gr., bell = ¥/,
Astura: bh, gr-hl. = Y. Astoris: bl gr-bl, hell = 1. DBadnjoz: bl = Y. Badajoz: bl., hell und

veilchenbl. = ;. Santander: bl., gr.-bl. = V.
2: ...... Greaze der Kastanienb. mehr als graubraunen (pardos). ___ Grenze der Honigfurben mebr als graubraunen

= Vg e Grense der Kastapienbraooen = Ve
I I1 111 II+111 Iv
17.7 33.0 12.4 45.4 36.9 Total
14.5 65.9 0.0 65.9 19.6 Catalunya
16.9 © 61,0 5.2 66,2 16.9 Fureia
15.4 61.5 0.0 61.5 23.1 Carnarias
12.1 61,3 2.3 63.6 24.3 Valencia
10.7 S54.4 T.1 61.5 27.8 Andalucia
21,1 52.6 5.3 57.9 21.0 Baleares
18.8 42,5 5.4 45.9 35.3 Rrtremadura
21.4 ’ 41,3 S.4 46.7 31.9 Castills la Nueva
21.1 30.3 1.8 - 32.1 46.8 Castills la Vieja
34.9 . 25.8 2.2 28.0 37.1 Aragén
18.8 23.0 2.1 25.1 56.1 Leén
19.1 22.5 5.4 25.9 55.0 Asturias
1.7 21,3 48.2 69.5 18.8 Granada *
39,2 11.4 0.0 11.4 49.4 Vascongadas, Navarre
12.3 7.8 0.8 8.6 79.1 GCalicis
(a)

Distribution of eye colour in Spain. (After Hoyoe &
Aransadi, 1893-4). 3261 individuals (d').

Legend.

1. I = blue, grey, green. II = grey-brown (‘pardo’).
111 = honey-ecloured, IV = black, dark brown.
2. Granada * = Cérdoba, Jaén, Almerfa, Granada and

Bdlaga. .

Pig. VI.2-2. Distribution of eye colour (a) and
hair eolour (b) in Spain,

(In the imvossibility of firding any of the two
or three 0ld works extensively dealing with the
distribution of hair, eye and ekin colour in
Spain, the author will only reproduce the data
which he has been able to gather through incom-
plete quotations in other sources).

Blond hair colour occurs in Spain with a fre-
quency of 14.5 per cent (presumably including
1ig*t brown). Traces of blondiam are visible in
17 per cent of the population, while black bair
spounts to 29 per cent. The province with least
blonds is Palencia (4 €) and with most is Zara-
goga (30 %); in general, the provinces along the
Portuguese frontier are among the darkest, and
those along the ¥editerranean and Cantabric ses-
boards amorng the lightest. The Mediterranean
coast has more blonds thar the Cantabrian.

(»)
Distribution of hair colour in Spain.
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(a) .
Distribution of eye colourrin Britain.
(After Boyce et al., 1973).
Iegend,
1. Shaded: grey, intermediate, dark-
btlue and light blue eyes (Martin
categories 12, 14-16).
|
|
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Fig. VI.2=3.
hair colour (b) in PBritain.

Distribution of eye

(v)

Distribution of hair colour in BEritain.
Based on spectrophciometric work of 00C
hair sarples. (After Sunderland. 1954).
Left; regional distribution of dark-to-
1ight hairs (veriance method); sero
percentage reflectance taken as origin.
Right, regional distribution of red-hair
frequencies (R-values below 47.0 taken
to denote red hair).

colour (a) and

283




CHAPTER VII




VII.1.

Skin colour and stature,

In spite of the evident deficiencies of precision

" introduced by the method for gathering information

on stature, it was considered they were not likely
to affect the sign of any eventual correlation
existing between variables tall and pigmentation of
the skin, but merely its magnitude - and that only

in a marginal way. Levels of significance will prob-
ably remain for the most part uninfluenced. Conse-
quently, a partial correlation analysis was performed
for each of the 3/4-samples between variable uia9, .
controlled for predictors, and variable tall (table
VII.1-1).

uia9 with tall by predictors
partiel corr.| af=N-2. sign.
d 0.288 178 0.000 + -
SPE+ASFE o | _0.073 250 | 0.247 -
d| -0.03€ 92 0.733 -
SPA+ASFA o | _0.136 1M1 [ 0.150 -
o) 0.094 21 0.662 - ,
CB+ACE ol 0.275 57 | 0.091 -

4

Table VII.1-1, Correlations between pigmertation, corrected
for predictors, and stature.

Figures VII.1-1 to VII.1-3 illustrate the geo-
graphical.distribution of stature in Sweden, Spain
and Great Britain.

Significance showed up only among Swedish males
(p=0.000). All other values lie far away from any
acceptable level, except for British females (p=
0.091). Both coefficients are positive. Unfortuna-
tely, sample size is small in both cases: 37 Brifish,
180 Swedes. It would be extremely interesting to

check on bigger samples. Explaining an eventual cor-
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{' (a) Divieion into regions according
to Reyoe Saing (1952) -
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STATURE (dd) 1997
1:168.t c™

i

[ ()

Distribution of stature for military
recruits. (Values in cm).

Year Stat. Region Stat. Stat.

1958 166.4 I 166.9 168.2
1959 166.6 II 167.0 166.9
1960 166.7 III 167.1 166.8
1961 166.9 Iv 167.2  167.1
1962 167.2 v 168.2 168.2
1963 167.4 VI 168.7 168.4
1964 167.6 VII 169.2 168.8
1965 167.7 VIII 169.7 169.6
1966 167.8 CIX 170.1 169.1
1967 168.1 X 170.3 170.0

X1 1711 170.8

« Pig, VII,1-2, Distribution of
stature in Spain. (After Valls
1980). (a) Statistice for 1967
conscripts. (b) and (c) Statis-

tics for other years.
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relation of such a sort among the British in terms

of tall Iron Age nordics and shorter and darker
Neolithic mediterraneans, although it may be basical-
ly correct, is probably oversimplified as blood groups
and anthropometry seem to converge in suggesting the
existence of a submerged more archaic type, with pre-
sumed mesolithic connections, especially imhortant

in the more isolated areas of the western>districts
(as well as in southwestern and western Ireland)
(Mourant, 19763 Coon, 1939). If Coon’s conclusions on
his skin fairness and tall stature (both superior to
the nordic local type) are correct, his intrusion in
the picture would only serve to reinforce the corre-
lation. A non-totally dissimilar type (the so-called
Tydal type) has been reported from central Norway and
parts of Sweden (Bryn, 1921; Lundman, 1952), also
relatively isolated districts (fige. VII.1-4), but no

independent reference to his skin colour is made,

J
g Sonien @

Pig, VII.1-4. (a) Tydal (Tydalen) in Tréndelag. The small dots in-
dicate inhabited areas. {After Bryn, 1921),
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although it seems to be darker. The existence of

this type in Scandinavia is today a strictly local-
ized phenomenon, although it is likely to have con-
tributed in a non-negligible way to the population in,
at least, central Scandinavia, Our sample has, hou-
‘ever, practically no individuals from that area., With
that exception, all-other alien elements in Scan-
dinavia, past or present, are on average shorter and
presumably also darker than the Swedes, contributing
then, as in the case before, to the appearance of a
positive correlation between stature and pigmentation

of the skin,
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Pigmentation of the skin, eyes and hair,

In eye colour and hair colour Sweden and Spain
occupy two polar positions, with light pigmentation
absolutely prevailing in the first country while dark
is totally dominant in the second one. Britain lies
somewhere in between. In this section an attempt will
be made at finding any eventual associations betuween
skin colour, as measured at the ninth filter with the
reflectophotometer, and pigmentation of hair and iris
of the eye. The same predictors as were used before
at eliciting geographically induced pigmentary varia-
bility, will again be utilized as factors and co-
variates in an analysis of variance.

For several reasons it was advisable to reduce the
original number of hair and eye colour cateqgories to
four in both cases. These reasons were: .1) to mini-
mize the deficiencies in accuracy inherent to classi-
fication of colour By the naked eye, 2) to reduce
the risks for the appearance of empty cells or cells

with very few cases, 3) the new arrangement of cat-

.egories for hair colour has a ranking character which

fits well with Gardner’s results (Gardner, 1934), to
be dealt-with immediately. For the new arrangement,
which is fully in accord with chapter III, eye colour
has been divided into the following categeries: (1)
darks, (2) medium and light browns, (3) mixed and
(4) greens, greys and blues. For hair colour, the
new categories, less readily convertible to the old
ones, are: (1) black, (2) dark and medium brown, with
or without a certain reddish tint, (3) light brouwn,
ash blond, blond, reddish blond and dark red, (4)
light blond, platinum blond, albino plus medium to
light red.

It is a common notion among laymen that red-haired
people have unusually light skins and that they fredde

instead of tanning. That would be so in spite of pure




red hair, even the lightest one, not appearing

particularly light when compared with light blonds.
Gardner (1934) with the assistance of a Hardy re-

dording spectrophotometer, succeeded in illustrating

the issue for hair in an elegant way (fig. VII.2-1),
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Pig, VI1.2-1. Gardner’s three series for colour of the

hair. {After Gardner, 1934),
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He found out that a cluster of points representing

the reflectances at 700 nm (abscisses) and at 546 nm

(ordinates) of 53 widely different hair samples,

could be divided into three spaces by two straight
lines (slopes 0.47 and 0,40), and that these three

spaces would define the chromatic series leading

from black to blond (the upper one, without any

and the series of the pure reds (the lower one)

a reddish-broun series in between. Any observed
colour could, thus, be referred to this diagram

finding out whether Roye/R7gg (auotient between
flectances) was greater than 0.47, lower than 0.40,

or intermediate. Subgroup F (blonds), within the

red)
with
hair
by

re-

black-to-blond series, has no counterpart within the
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others at 700 nm, Even the darkest blond within the
series is lighter than the lightest red at both wave-
iengths. The nature of the relationship between the
series seems to suggest that pure red hair owes little
if anything to melanin content, which in turn suggests
a very low melanin content for the skin as well.
Figures VII.2-1 and VI1.,2-2 jillustrate the relation-
ships between reflectances for different hair colours
as seen from two different angles. Unfortunately, the
number of red-haired individuals is every&here in our
samples extremely low, insufficient for constituting

a valid subgroup (5 Swedes, no British, no Spaniards),
for which reason no attempt was made to study their

reflectance values independently from the rest.
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Pig. VII.2-2. Reflectance curves for different kinds
of hair. (After CGardner, 1934),

The distributions of hair colour and eye colour
in the three countries are summarized in figures
VI.2-1, V1.2-2 and VI.2-3.

Significant association between pigmentation of
the skin and colour of the iris (tables VII,.2-1,
VII,2-2 and VII.2-3) was only detected among
Spaniards (p=0.040), where those with mixed irises
were found to be lightest, followed by persons with
green, grey or blue eyes. Difference betuween those
. two groups is not significant., Difference between any

of those two and the darkest one is, however, signifi-
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cant., Exactly the same order, but without signifi-
cance, is observed among Swedish. Rmong the British,
however, pigmentation of the iris and hair change in
a completely parallel way,

Significant variability of skin pigmentation with
hair colour (tables VII.2-4, VII.2-5 and VII,.2-6) was
neatly found among Swedes (p=0.024, all possible com-
parisons), Spaniards (p=0.011) and nearly among
British (0.060). This quasisignificant result among
the British is, however, just category four’s effect
(with only two cases)., As a whole, pigmentation of
the skin diminishes with decreasing pigmentation of
the hair in the threeAsamples, but the darkest com-
plexion belongs - among Swedes - to those in rank 3
(light brown to darker hues of bond and red). Whether
this oddity is a genuine characteristic or the rem-
nant effect of some unremoved behavioural dimension
is difficult to tell, In the last case, it might be
the outcome of overcompensation, of which we may
already have found some signs while examining the
behavioural variables’ impact on pigmentation of the
skin. Namely, that those naturally possessing lighter
complexions - which among whites is mentally attached
'to hair as often at least as to skin - would tend to
care more for outbalancing their 'handicap' than
those already endowed with fashionable darker com-
plexions. According to the author’s personal obser-
vations, blond Swedes (although not likely the most
extreme types) do often seem to have a quite accept-
able capacity to tan. That hay well fesult in over-
doing for pale people in category 3,'m0re unlikely

for those in category 4.
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.32 .

2 18 -0.%4 -0.21

0.07 0.06
EYE

2 76 -0.64 -0.67

5 23 1:28 1:13

Z 606 0.03 0.0z
0.08 0.07
%ULTIFLE R SOUARED 0.027
YULTIPLE R 0.165

Table VII.2-1. The association between skin colour
and eye colour in Sweden.

Legend.

1. Eye colour:
1 = dark, 2 = medium ard light brown, 3 = mixed,

4 = green, grey, blue.

2. Sex:
1 = male, 2 = female.
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Tatle VI1.2-2. The association between skin eolour
and eyve colour in Spain,

Legend.

1. Bye colour:
1 = dark, 2 = medium and light bro'n, 3 = mixed,

4 = green, grey, blue,

2., Bex:
1 = mele, 2 = female,
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Tatle VII,2-3. The aﬁuociation between skir eolour
ard eye colour in Britein.

Legend.

1. Eye colour:
1 = dark, 2 = wedium and 1light brown, 3 = mixegd,

4 = green, grey, blue.

2. Sex:
1 = male, 2 = female.
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Table VII,2-4. Associaticne between
skin colour and hair cclour in Sweden.
Legend.

1. Hair colour: -
1 = black, 2 = dark and medium brown (with/without
a reddish tint), 3 = light browr, ash blornd, blond
reddish blond and dark red, 4 = light blond, .pla-
tine blond, albino, mediur to light red.

2. Sex:
1 = male, 2 = female.
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Table VII,2-5. Associations between
skin ecolour and hair colour in Spain.

Legend.

1. Hair eolour:
1 = black, 2 = dark and medium brown (with/without
a reddish tint), 3 = light brown, esh blond, blond
reddish blond and dark red, 4 = light blond, .pla-
tine bdlond, albino, medium to light red.

2. Sex:
1 = male, 2 = female. -
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Table VI1.2-6. Associations between
skin colour and hair eclour in Britain.

Tegend,

1. Hair colour:
1 = black, 2 = dark and medium brown (with/without
a reddish tint), 3 = light brown, ash blond, blond
reddish bdlond and dark red, 4 = 1ight blond, .pla-
tine blond, albino, medium to light red.

2. Sex: .
1 = male, 2 = female,




VII.3,

(1)

299

Skin colour and blood groups.

Certain anthropological facts seem to give support
to the suggestion that, of the three kinds of allelic
genes of the ABO system, gene 0 may be the oldest in
Europe, as possibly in other parts of the world as
well, B being a relatively recent Asian acquisition
while A’s origins are still totally unknown, although
some'connection with the broad-headed central European
types has been alleged (Mourant et al., 1976). It has
also been suggested that the ancient inhabitants of
western Europe, before the coming of agriculture and
matallurgy, must have had very high frequencies of O
and Rh-negative and very low or no B, and that -
although the Basques are their most unmixed descend-
ants - traces of them are to be found in every refuge
area of western Europe and, perhaps, sven in the
western mountains of the Caucasus. It is ihtriguing
to speculate whether the high frequencies of gene A
(above 0.30) in the western part of central Europe
(between roughly the western Alps, the Rhineland and
the French Massif Central) are not to be linked with
the rise of Alpine types all through the area, and
whether its presumably late arrival in northuwestern
Iberia and eastern Britain and also Scandinavia is
not to be connected somehow with the Celtic migra-

tions (1) and the roaming of the Teutonic tribes,

It is highly doubtful that what to many scholars seem
to represent the purest modern focus of celtism-in
Britain and Ireland, are biologically 'Celtic' to a
significant extent, their many Celtic cultural traits
notwithstanding. These two countries contained, by the
time of the Celtic arrival, a comparatively dense popu-
lation of farmers, in the best lowland areas, and
hunters., Very likely, the most marginal areas were cel-
ticized more culturally than biologically., It is no
longer accepted either that most Celts were either slain
by Germanic invaders or fled to the west and to the

~north, Accepting a Celtic identity for those areas would

put us in an extremely difficult position in trying to
explain what became of the Celtic 'racial' traits in
Gaul and central Europe, the original focus of celtlsm.




selective pressures against 00 phenotypes (Sunder-
lands, 1973) and diffusion without migration not
withstanding.

Figures VII.3-1, VII,.3-2 and VII.3-3 illustrate
the-distribution of the ABO blood group system in the
‘thrée.countries. _

The skin pigmentation of the Germanic and Celtic
newcomers can ohly be guessed by reference to their
assumed modern descendants, Celts and Germans must
have been lighter than most inhabitants of Spain and
Britain, at the time of their arrival with the poss-
ible exception in the British case of the population
of mesolithic derivation (rich in 0 and Rh-negative,
very poor in, perhaps even absence of A and B). These
types were in Iberia represented by the ancestors of
thé modern Basques, which still today are among the
lightest people in the area, but who - in their
southern habitat - were presumably somewhat darker
than the newcomers, .To the extent that this outline
may be correct, scarcity of A might in Britain be
associated both with lighter skins (the mesolithic
contribution) and possibly darker skins ( the neo-
lithic contribution), which is indeed a complication,
and uniformly to darke: skins in Spain, In Sweden,
increasing A Freqﬁencies from the central areas to-
wards both the Lapp and the southeastern poles of
high A, plus £he contribution of B-enrichened Finnish
blood (rich in A and M in the east, poorer westwards)
to certain districts of eastern Sweden (fig. VI.1-10),
also tends to obscure the situation somewhat, This
section of the work should thus rather be conducted
on intra-provincial (at least intra-regional) basis,
so that some control could be exerted on the nature
and amount of ethnic elements intervening in the pic-
ture. The nature and size of our samples, however,
render that kind of analysis impossible. Consequent-

ly, a simpler analysis of variance with sex and blood
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Pig. VII.3-3. Distribution of
the ABC blood groups in Britain,
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Map 3




d@s only Fabtors will be performed on the data,
Leaving aside the smaller groups, the results are

as follows for the three samples (tables VIT,3-1,

VII.3-2 and VII.3-3). Among Suwedes, possessors of

_phenotype 0 (84) are lighter than possessors of A

(107). Since around 3/4 of the regionally classified

specimens come from Gdtaland (and probably a very

.high percentage of the unclassified’s ancestry is

from there) we are not in fact too far away from an
intra-regional analysis. Gdtaland is also practically
free from recent non-Scandinavian admixture. All this
would make the results indicated above highly interest-
ing if they were significant, They are, however, not,
Nor are they for Spaniards either (the best figure,
p=0,073) or for the British., Also among Spaniards,
O-phenotypes possess lighter skins than A-phenotypes
(69 vs. 75 cases)., Among.the-British, with rather too
small subgroups, the situation is reversed. .
Since none of thé results were significant, the

situation does not deserve any further comment.
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Table VII.3-1.
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Tadble ¥1I.3-2.
blooé groups in Spain.

Legend.

1. Blood groups:

1 =4, 2 =3B, 3 = AB, 4 = O,
Sex:

1 = male,

2.
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COVARIATE RAW REGRESSION COEFFICIENT
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GRAND MEAN = 63.87 ADJUSTED FOR
ADJUSTED FOR  INDEPENDENTS
_ UNADJUSTED  INDEPENDENTS ¢ COVARIATES
VARIABLE *+ CATEGORY N DEV'N ETA  DEV'N BETA  DEV'N  BETA
SEX
1 20 -0.20 -0.36
2 34 0.12 0.21
0.05 0.09
BLOOD
1 21 0,264 0.25
2 -7 -0.37 “0.46
z S £ H
7 0.08 . T 0.09
MULTIPLE & SQUARED L031
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Table fII.B-?. Associstions between slkin colour and the ABO
blood groups in Britein.
Iegend.

1., Blood groups:
1=A,2=,B,3=AE,4=0-

2. Sex:
1 = male, 2 = female.




UII.A.

Correlations between stature and eye colour, hair
. .

colour and ABO phenotypes.

This is a twin section to VII.2 and VII.3. The
principal elements in the picture have already been
identified., As everywhere else, similar pigmentation
for different anthropological types, as infered from
studies of both the living and the dead, are often
associated with different manifestations of one and
the same gene system. In a country such as Spain, for
instance, the association of very tall stature and
blondism of hair and eyes in the same individual méy
well be due to chance recombination of alleles long

ago dissociated and uniformly spread through the popu-

- lation, but an eventual repeated appearance of the

phenomenon beyond expectation would demand another ex-

planation. That most readily available, although not

‘necessarily the only one, would be that some specific

straih is as yet not totally diluted in the population,
The situation is in practice, however, less simple
than that, becéuse stature is one of the most plastic
of human traits and because of the presence of more
than two racial elements in the picture. In addition
there exists the problem of the small samples. For the
standard deviation inferred for Swedes, for instance,
from the first MCA (multiple classification analysis)
for variable tall by eye and sex (table VII.4-4), for
a difference between group means equal to 0,03 being
detected as significant at the 0.05 level, group

sizes should be in the relationship 1/n1+1/n2=2/717,
and 1/n1+1/n2=2/403 if the difference is 0.04 - as-
suming bidirectionality and homogeneity of variance
across the groups. Two of the infinite solutions ad-
mitted by each equation are n1=n2:717 and n1=n2=403
respectively, greater than most of the group sizes at

our disposal.
For height’s correlation with hair colour (tables
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VIT.4-1, VII.4-2 and VII.4-3), the Spanish and
British samples are internally remarkably homogeneous,
especially when disregarding the small grcups. Among
Swedes, the tallest are those in category 3 (medium
light) (n=397), and the shortest (disregarding tuwo
black-haired individuals) are those in category 4,
Differences are, everywhere, non-significant.

For variable eye, (tables VII.4-4, VII.4-5 and
VII.4-6), internal homogeneity is also great among
Spaniards and British and differences are not signifi-
cant., Tallest among Swedes are those with light eyes
(n=553), Significance is, however, not attained.

Also for blood (fig. VII.4-7, VII.4-8 and VII,4-9)
the results are not significantly different. Tallest
among Swedes are those with blood group A (n=112),
Group sizes and relative differencesare even smaller
among Spaniardé and British,

Thus, although no significant differences in stat-
ure were elicited bétween categories of eye colour,
hair colour and blood group phenotypes, it must be
borne in mind that éome of the differences observed
among Swedes would have been significant if detected

between bigger-sized groups.
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VII.5.

Haif colour, eye colour and ‘blood types.

In table VII.5-1 the results from different cross-
tabulations, with hair o1 eye versus blood as vari-
ables, are shown. Among Swedes, and occaSionally
among Spaniards and the British as well, there are
signs of association between eye’s and hair’s lightest
categories with blood group A, while their darkest
categories would tend to associate with group 0. Sig-
nificance is not, however, attained. Suspecting this
may be partly due to small sample sizes and perhaps
to the of blood groups B and AB, new cross-
tabulétions were tried joining together males and fe-

‘males and suppressing groups B and AB. In addition,

the colours of hair and eyes were re-grouped as dark -
versus light, for hair, and dark plus mixed versus
light, for eyes. o .

After that, the trends (table VII.5-2) appear
more clearly and attain significance among Swedes For‘
hair-blood (p=0.040). Eye-blood shows the same extreme
kind of polarity, but cell frequencies for dark and

mixed eyes were too low (only 23 cases). For signifi-

cance (if existing) to be detected when relative fre-

guencies for one category are low in the population,
extra high frequencies in the sample are required.
This is especially true for Sweden and Spain, due to
their extremely polar positions in a scale of pigmen-
tation, but even the global size of the British sample
is definitively too low. It is interesting to specu-
late whether greater sample sizes would, as for blood-
hair in Sweden, have revealed any significant associ-
ations. In our samples (with one only exception:
British, hair-blood), light hues of eyes and hair are
more often than not aligned together with blood group
Ry while dark hues are aligned preferentially with
blood group 0. Excepting the alignment A-light hair,
however, it is not justified to speak of any other as-

sociations at the population level.
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Legend.

1. Since the distribution of frequencies failed to ful-
£il Cochran’e recom—endations (Siegel, 1956), the x?
test has not been used. Irstead, the Fisher test Las
been utiliced with el] eases producirg greater lambda
and uncertainty coefficients. Am the researcher was
content to use sigrificance levels rathep than exact

-values, the procedure ocutlireéd ir Siegel’s book
PP. 95-100) was followed.

2, Whenever the Pisher test was used the pumber of cells
had to be reduced to four. That involved re-arranging
categories 1 and 2 of variatle eye in one {dark) and
categories 3 and 4 irto srother {1light). ¥o new ar-
rangemert was fourd necessary for variable heir, Por
varistle blood, pherotyre O cornstituted a class. For
the other, two alternstive subdivisione were tried :
A and A® (B excluded) vs. A, AR and B, The level of
sigrificance was in each case higher than 0,10. Only
in one case wes the seconé alternative founéd unprac-
tical, Bince the Piglher test demends that K shall be
% 30, (Earted as *)

3. All levels of eigrificance are two-tziled.
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Table VII.5-2. A4ssociations hetweer veriables eye, heir
end blood., (Cetegories re-arrenced, blood groups AP and
F excluded).

Legend.

1. Ryve colour:
1 = derk, 2 = mediur end 1ight brown, 3 = pixed,
4 = green. grey, blue,

2. Heir colour:
1 = black, 2 = derk end mediur browr (with/without
a reddisk tint), 3 = light browxn, ask tiopd. blord
reddish btlond ené dark redé, & = light blond, ple-
tine blond, altino, mediux to light red.

3. Blood groups:
1= A3 2 =P 3 =AF 4 =0,

4, Although rot in the tahle, even the aligrsent of
catecories 3 and 4 - for eyes - was tried, without
pignificant results.




VII.6,

Comment

In the preceding sections some significant
éorrelations between pigmentation of the eyes, hair
and skin, on the one hand, and blood groups, on the
other, have been detected. This chapter could be
finished there, as everything else to be said must,
necessarily, be speculative, but since, in addition
to the signiFicant associations, some trends observ-
ed within the samples bear what could be called a
consistent or expected character, perhaps a minor
amount of speculation should be in order. Let us
summarize the situation, pUllihg together all signi-
ficant associations, as a basis for further elabor-
ation., This leaves us only with the Spanish and the
Swedish samples to work on, since the British did
not show any significant associations.

Among Swedes, three groups have been produced:
one with very fair-hair (4) and the lightest skin (1),

another with dark hair (1,2) and intermediate skin (II)

and a third with fair hair (3) and the darkest skin
of all three (III), In addition a positive correla-
tion was elicited for uia9 with tall (generally de-
creasing pigmentation with increasing stature), and
an association between blood groups 0 and A with re-
spectively dark and light hair colours.

Extracting support from Lundborg and Linders’ sur-
vey among 47,000 youﬁg Swedish males, Coon (1939)
suggested an association between tallest statures,
brown hair, light eyes, slightly lowered cephalic
index and slightly augmented facial index, whilst
among other flaxen hair aligned together with more
moderate stature, mesocephalic head index and con-
vexity of nasal profile would betray a subm rged

non-Finish brachycephalic element. Furthermore from

the study of skeletal material and of the living, he
tentatively associated the first type with the bearers
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of the Corded Ware culture (or Battle Axe culture)
into Scandinavia, while the second one would reveal
the influence of the old brachycephalic pre-Corded
people, established around the southwestern corner
of the Baltic. The first type is a rugged sort of
oriental Mediterranean, close to the type found in
the British 'long barrows'. This may be so, but the
existence of an underlying paleo-masolithic compo-
nent in the population of central and - presumably -
- southern Sweden, rather suggests that this is

the element responsible for the associations observ-~

.ed by Coon(1). The available evidence - as pre-

sented by Coon (1939), Lundman (1946, 1952) and
Beckman (1959) - seems to indicate that the Faleo-
Mesolithic Scandinavian hunters became submerged by

the spread northwards of the Neolithic farmers,

‘leaving only a few pockets of mixed descendants in

isolated refuge areas., Such diluted element (with
or without componehts of Mediterranean extraction)
is ideal for filling up our dark=haired, O-pheno-
typed class. Indeed, O-phenotypes seem to be ende-
mic within Mediterranean populations whenever they
are left in relative isclation. The existence in
central Scandinavia of the so-éalled Tydal type -
(Bryn, 1921).dark, tall and very heavy, dolicho-
cephalic, broad faced, laterally built, strongly
suggesting Cromagnontaffinities - exemplifies whét;
those Mesolithic populations must have looked like,
Although the differences do not attain significance,
individuals with dark hair are among the tallest in
the Swedish sample (175 cases), and the same goes
for individuals with dark eyes (only 63 cases).

AR more complicated task is that of suggesting an

identity for our two light-haired classes. An imme-

The existence of the Tydal type seems toc have been

-unknown to Coon at. the time of -his writing "The

races. of Europe".
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diate thought is that Nordic elements of the Gdta
variety (Coon’s Osterdal type) and A phenotypes are
over-represented within class I, but in the absence
of more substantial associations it is useless to
speculate any further.

In no more than three generaticns, Scandinavia
has evolved from being one of the most retarded
areas in Europe to one of the most uniformly pro-
sberous in the world. Under those circumstances, it
is'no wonder that incompletely absorbed remains of
very ancient human groups would have persisted in,
what was during Mesolithic times a gigantic refuge
area, The average facial outlook of Scandinavians
today must be owed in no small extent to intensive
miscegenatian-during prehistoric times with more mo-
dern looking populations of a mediterranoid skeletal
type, .which presumably outnumbered them in the long
run. Apart from the Tydal group, another type of
broad-faced, extremely heavy built individual has
been reported as predominant in certain localities
along the southwestern coast of Norway (Arbo, 1906).
This is a blond, extremely brachycephalic and, for
Scandinavian standards, moderately tall type (the
Jaeren type) which Coon suggests is to be related to
the southwestern Baltic focus of round-headedness.

What can the pigmentation of these populations
have been like? '

The Tydal type, although strikingly darker than its
neighbours (which in Norway resemble in some re-
spects the southwestern brachycephals), has 57.5
per cent of dark hair and 25.6 per cent of dark
eyes, and the blond brachycephals from southwestern
Norway (Jaeren type) are only slightly less fair
than the few dolichocephals from the same region.
In Ireland, Coon found that, towards the west and
southwest, where the maximum concentrations of

Cromagnoid-like traits exist in the population, a




whole series of metric indices and frequencies
augment: cephalic index, breadth of face and louwer
jaw, heavy browridges, laterality and heaviness of
body built, stature, paleness and freckling of skin,
slightly darker hair and eyes. Sunderland et al.
(1973) found for skin colour in western, south-
western and southeastern Ireland a situation rather
similar to that ekposed by Coon., The evidence for
lblood groups shows good agreement with the suggested
Paleo-Mesolithic descent of these types for pheno-
type 0, less so for others (Rh™, B) (Sunderland et
al., 1973). Frequencies of up to 60 per cent for
O-phenotypes (r = 0.775) have been reported for the
highland natives ("old Norse" farmers) from southern
Norway (Casey et al, 1966), where several investiga-
tors have felt there was a submerged Palaeolithic
strain, and Beckman and Martensson (1958) have de-
tected increased genotypic frequencies af up to 69
per cent in certain parishes of Dalarna (Dalecarlia),
where extensive concentration of Tydal types occur.
In Ireland; where frequency of 0 increases west-
wards and southwestwards, proportions of O-pheno-

" types bordering on 70 per cent (r « 0,83) have been
observed at different parts in Slieve Lougher,
(among~"oid Irish" farmers) perhaps the most isolated
area of the southwest (Casey et al., 1963). Rh " and
B also increase westwards, which does not fit very
well in the general picture. No detailed explanation
has been advanced for it.

, In nporth central Norway,and, espscially, the
mountains of the south, where the paleo-mesolithic
cultural tradition made its most long lasting stand,
metrically archaic'traiﬁs.are,also uniformly distri-
buted throughout the two regions. At the same time
light pigmentation reaches some of its highest peaks
in Scandinavia, Coon, after comparing the data on

11,800 Norwegian men with those from Lundborg and




Linders on 47,000 Swedish men, concluded that Nor-
wegians are lighter haired than Swedes. Lundman
(1940) is of the same oppinion for hair colour,
although not for eye colour (where the reverse
should be valid). In the light of all this, it would
seem that blondism of iris and even hair may be a
very ancient condition in Scandinavia, probably
antedating the appearance of the Nordic tyge,
which is hardly unexpecﬁed. With them one would ex-
pect an equally considerable antiquity, at least,
for very light skins, when considering its adaptive
role under conditions of poor UV-radiation. No role
of any kind is known for the colour of the hair,
however, which, to a great extent seems merely to
follow genetically with pigmentation of the skin,
For eye colour there is evidence of increased sensi-
"tivity of vision at the long wagelength end of the
spectrum with decreasing fundus pigmentation (Dodt
et al., 1959), Glacial conditions must have provided
a superabundance of stimulus for evolution to act on
pigmentation of skin and eyes. Selective pressures
must then have been much stronger £hamn now, and the
alleles for blondism and rufosity are very likely to
have become common during the Wirm glaciation. They
may, indeed, be even older, and have partially or
totally disappeared during some of the warmer inter=-
glacials before, but since only during the last
glaciation did man really penetrataed deeply and per-
sistently the glacial environment, it seems most
likely that blondism is not older than the beginning
of Wirm I (around 80,000 ysars ago). Once it appeared
its attaining of the level we know today must have
taken a very long time and have proceeded very dif-
ferently for separate populations, independently of
their mutual degree of relationship.

Genetic exchange, but also inbreeding, founder

effect and gepetic drift together with differential
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survival, operating on small bands and familial
groups must have been at its prime, giving evolu-
tion for a long period a predominantly erratic char-
acter. That and latitude would explain the apparent-
ly much less efficiency of the British Isles and
Ireland as depigmentation foci when compared with

the north Eurcpean focus at least in terms of pig-
hentation of the hair. Through interbreeding and
proximity to glaciated areas with similar climatic
pressures, depigmentation and alleles for blondism
and rufosity must have been relatively common by the
end of the glacial in many areas of Europe and even
outside., One of those areas may very well have been
the plain stretchinglbetween southern Russia and the
Caspian Sea, from where the Corded people seems to
have come, but in the light of our present knowledge
on the links between climatology and pigmentation it
is unlikely that this has been a more important
centre than the Scandinavian one. One would rather
expect the pre-Nordic inhabitants of Scandinavia to
be lighter than those coming afterwards. The Tydal
type, however, lends inconvenient support for the
opposite hypothesis, Since blond and blue-eyed in-
dividuals are far from missing in Tydal and the dis-
trictAhas remained relative isolated during possibly
most of its millenium of life, perhaps some demo- .
genetic agents could be invoked to explain some of
the anomalous characteristics there, Unfortunately,
information on any demographic factors is rather

poor in the articles reporting on this type in either
Sweden or Norway (in'1921 the Tydal district con-
tained some B0O0 persons). In addition, there are more
than one Tydal-like villages, Until more extensive
research is conducted on the possible connections be-
tween primitive metrical traits, selected serological
markers and pigmentation of skin, hair and eyes, pre-

ferentially combined with interdisciplinary studies
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on other fields related to the subject, two tempta-

tive explanations can be offered:

1) Among the kin of the oldest Scandinavians, whose
Hunter-gatherer economy forced them into smaller
demograbhic units, spread of new alleles must
have proceeded in a most erratic way: some groups
would retain most of the original dark pigmen-
tation, while in others depigmentation would pro-
ceed at astonishing speed. Among the newcomers,
on the other hand, whose food-producing economies
allowed them to be much more gregarious, depig-
mentation (probably already under way in their
Eurasiatic Homeland) would be accelerated in their
new habitat, and proceed at an intermediate speed
but in a more stéady fashion, More frequent gene
flow between the groups would prevent them from
forming isolates in the same extent as their less
privileged neighbours, and helped them to evolve
more. synchronously., With time they may have caught
up with most of '‘the fairest groups among the old
strain and, with that as well as by interbreeding
with them, differences with respect to the oldest
inhabitants must have evened out in many places., By
then, different completed fertility rates must have
given them numerical advantage with respect to all
mesolithic and sub-neoclithic groups, but not with
respect to the bearers of the Early Neolithic cul-
ture with whom, owing to geographical and cultural
proximity, they extensively intermingled. By the
late Neolithic there are no separate remains from
any of the two Neolithic cultureé and the most dis-
tinctive trait of the Corded Ware culture, .the
battle axe, has disappeared. In the long run, only
some residual enclaves Ylike Tydal) witness today
the ancient original diversity. Perhaps other Tydal-
like enclaves, but with fair pigmentation, have van-
ished without notice in the not-too-distant past. In-

deed, then as now, prejudices against the 'deviants'




-and positive assertative mating may. have played a

role in deciding the fate of more than one iso-
late, The sxistence in the inland valleys of

southyestern Norway oF-an extremely depigmented
population (Coon, 1939), which metrically re-
sembles the central Eurcpean Cromagnoid forms,
with very high frequencies of blood group O

oenes (Casey, 19656) speaks for this possi-
biljity.

There may be some unnoticed ecological factor

for the optimum depigmentation centre to lie in
the past further away from the glacial border
than the north central European home, from where
Scandinavia‘’s (and Britain‘s) first inhabitants
must have come, Indeed, the Lapps - who have
lived in the northernmost part of the region
since at least 2,000 years (perhaps much longer)
- are still today after centuries of miscegen-
ation with their southern neighbours, according
to older surveys, darker haired, eyed and
skinned than them (Coon, 1939). Presumably, how-
ever, a population of light-eyed hunters would
svolve more favourably under damp-cold conditions
@aritime, cloudy, less abundant snowfall) than
under dry-cold conditions (continental, sunnier,
longer lasting snow cover), as the reflection of
light on snow and ice is particularly a strain

to depigmented eyes, especially in northern
latitudes where, owing to the low angular elev-
ation of the sun, reflected light is frontally
incidental to the sye. This might explain the
recurrence of predominantly dark-eyed populations
all along the Arctic circle and immediately south
of it, The periglacial territories inhabited by
late Faleolithic man in central Europe had mean
July temperatures between 5 and 10°C (33 to 50°F)
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(Waterbolk, 1972) fully within the range of vari-

ation found nowadays in the northern Norwegian

tundra for the same month, Thus, radially away
from the glacial border there may have been one
or several depigmentation centres, which pro-
gressively shifted norfhwards with the recession
of glacial conditions. Among the populations
that did not migrate with them, through miscege-
nation with darker elements and relaxation of
selective pressures, genes for darker pigmen=
tations became increasingly more frequent, at
the same time as depigmentation was maintained or
even progressed in more northerly latitudes.
Those centres may have been at a distance from
the glacial border comparable with that existing
between Southern Scandinavia and the northern
‘modern Scandinavian tundra, which would take us
to the Mediterranean and, again, the area around
the northern part of the Caspian and adjacent
territories., Although these regions are not spe-
cifically blond and light eyed nowadays (fig,
VII.6-1), historical references and indirect
evidence suggests that at least the second one
may have been that in the distant past, while
there are also suggestions that by the dawn of
Egyptian history, blondism in the African shores
of the Mediterranean was widely spread outside
its modern boundaries, as probably witnessed by
Egyptian paintings.

It is likely that fair pigmentation was more
extensive among Caucasoids in the past, Scythians,
'Slavs, Germans and even Celts appeared fair to
the eyes of Greeks and Romans. The old Chinese
chroniclers described the Hiungnu and other bar-
barians tribes inhabiting the western marches of

their Empire, as Europoids with frequent yellowish
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Fig. VII.6-1. Pigmentation of hair and eyes in
Burope and surrounding areas. {After Coon, 1939).
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hair. Non-Mongoloid Siberian populations still
contain a slight proportion of blondism as do the

Ugro-Finnic speakers of Russia., But for the most

part, blondism (especially of the hair) seems to
have receded towards the north and west, from a
territory extending from Eastern Turkestan and
the Upper Ienisei - across middle-latitude

Europe - possibly as far as the Atlantic. The ex-

plosive expansion of mongoloid mounted nomads-is

usuéily the accepted explanation, but steady re-
treat of the ecologic conditions associated to

the spread of depigmentation, and relaxation of
selective pressures owing to cultural advancement,
may have played a significant role. Wherever the
ecologic optimum for depigmentation may have been
located in the past, Scandinavia - and teo a lesser
extent, Finland - seem to be its present centre,
Presumably, the glacial moraines correspond spa-
tially to the successive stages in the evolution

of the ancient centre.

For Spain, it was found that those with the
lightest hair also have the lightest skins.
Category 4 (light blond and medium red upwards)
is, however, missing., Mixed and light eyes are
also significantly associated with lighter skins,
with possessors of mixed eyes lighter than those
with light eyes (although not significantly so).
No more significant associations could be dis-
covered. It is, however, likely that a more ex-
tensive survey would produce some interesting
results on a regional basis,

In a country such as Spain, with such marked

climatic contrasts between’seasqns and between
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districts, the aforementioned associations are
likely to be dramatically upset within more than
one geographic area., Two such areas become ap-
parent from the data collected by Sénchez
Fernandez (1912). One extends between the central
Pyrenees and the Guadarrama Sierra, across hill
country and the northern part of the Ebro Depres-
sion, The other includes the narrow coastal plains
of Almeria and Malaga plus the Betic mountains
stretching behind them into the province of Gra-
nada. The lowest mountains are in the southern
part of the northern zone (average 5,000 ft) and,
excluding the highest tops, annual rainfall aver-
ages vary within both regions between 12 and 40
inches, with roughly one fourth of the Andalusian
reqgion having under 12 inches. These are, accord-
ing to Sénchez’s survey, two of the darkest skin-
ned areas in Spain. At the same timé, they run
through two areas with a relative abundance of
lighter hues of hair and iris (specially the
northern one). When considering the limited re-
sources at the disposal of the anthropologist at
the beginning of the century, it is to be hoped
that these observations are re-made with the aid
of more sophisticated technical means.

Although the invasions of Indo-European speak-
ers after 750 B.C., and perhaps even earlier
(Arribas, 1965), must have contributed to in-
creasing light pigmentations in the country; it
is extremely difficult to evaluate their import-
ance. To a great extent, however, many of the
‘areas most intensively settled by them fall out-
side the areas with a maximum of lightly pig-
mented hair and eyes: such is the case of the
Meseta, If not, they often settled in a region
which was already densely populated: that is the
case of the Galaic northwest and the districts
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within western and southern Iberia which the
Celts penetrated., The east and the northeast
were left mainly untouched, except for the
routes leading from the Fyrenean passes into
the country. This locally affected eastern
Catalunya, the Ebro valley and the south of
Vasconia (fig. VII.6-1). Of the Urnfielders,
Hallstatt and Celtic people who entered Spain,
only those in the northwest and the Meseta man-
aged to retain a relatively Indo-European cul-
tural facies, as much in debt with the native
substratum and the cultures of the Mediterranean
litoral as with their trans-Pyreneean homelands
(Savory, 1968). All this speaks of cultural as
well as of numerical inferiority in most placeg1>
The conclusion to be extracted is that the Me-
seta (specially the northern half), the Canta-
brian area (possibly) and Galicia were the

areas most extensively affected - genetically -
by the invasions. In most of the north, the
northeast and the east - regions with a maximum
of depigmentation - their impact, when not total-
ly absent, must have been very slight and local-
ized. '

The most numerous of the V., and VI, century
Germanic invaders - the Visigoths - counted about
200,000 people when they entered Iberia, a
country with between six and eight millions in-
habitants (Tarradell, 1974). After driving out the
Vandals from Andalucia (into northern Africa) and

almost completely exterminating the Alans from

‘western Iberia, theysettled in the upper Ebro

valley and in the region between Palencia, Segovia

The picture is indeed in agreement with the limits
given by Tovar (1949) to the effective extension
of Celtic speeoh in the Peninsula (fig. VII ,6-2a)
sporadic penetration into other areas notwith=-
standing (fige. VII ,6-2b),




and Burgos - side by side with the Suebian king-
dom of northwestern Spain and northern Fortugal,
At the beginning of the sixth century, roughly

1 out of every 20 or 25 persons must have been
Germanic.

On its turn, the demographic aftermath of
the Muslim invasion.was specially felt in the
Meseta and tHe Ebro Depression, leading to de-
ﬁopulation of extensive areas, The old Visigothic
and Celtiberic enclaves in the Douro valley, be-
tween Cantabria and the Central Sierra, were )
totally deserted by the mid VIIIth century. The
region, together with the upper Ebro valley, was
later repopulated between the VIIIth and XIIth
centuries (Font Rius, 1974) by people from the
northern mountain ranges (Galicians, Asturians,
Cantabrians, Vasconians, Aragonese and Cata-
lonians) together with mixed Germanic and Hispano-
Romanic groups from other areas wﬁo had sought re-
fuge among them, In the romanised south and east
of the Peninsula, there was little depopulation
by Christians. Important even was the replacement
of Muslims in those two regions by Christians
groups from respectively the north and centre and
the northeast, to settle among the mass of the
population of old native stock, now tinged also
with Berber and Arabian genes.

As a whole, for the northern half and the
eastern area of Spain, the serological data
(Valls, 1975) and the craniological evidence
(Hoyos Sainz, 1952) agree reasonably well with
each other and with the picture of colonisation
.offered by the Reconquista period. It also sug-
gests that the Aragonese played a role of some im-
portahce in the settlement of the eastern part of
the northern Meseta, and that northern Portuguese

possibly played the same role in the western re-
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gion. It also helps to explain the partial de-
viation of northeast Catalunya from the Aragonese-
Valencian norm as influence from the fFrench
Languedoc, already detectable at the beginning
of the Recongquista period and, presumably, at
the time of the Celtic invasions. The situation
in the southern half of Spain is typologically
much more complex, presumably owing to the un-
interrupted History of settlement in the region
and to its greater geographicél openness as com-
pared with the selfcontained area beyond the
Cantabrian and the Iberian mbuntains.

Explaining the distribution of pigmentation
in Spain is no easy task. The distribution for
light eyes and that for light hair show important
discrepancies, and both show'discrepancies with
that for skin pigméntation, as observed by
Sanchez (1912) and by Aranzadi and Hoyos (1892).
According to Sanchez,”the darkestyékrnnad-regipns
arazalkfbutfbne totally or partially included in
the-Meséta (section Vi.1). In general the pro-
vinces along the Portuguese frontier are darkest
and the Cantabrian and Mediterranean ones (except
the southeast) are lighter. Fair hair is more
abundant along the northern and eastern coast, the
Atlantic Andalusian coast and Aragén; which be-
longs partially to one of the areas with darker
skins. Here, Zaragoza, extending between the Pyre-
nees and the Ebro Depression has 30,18 per cent of
light hair (presumably including light brown), while
the average for the whole country is 14.5 per cent,
Rufosity is rare in Spain except in Asturias and
Galicia. Light eyes (blue, grey, green and light
mixed) are commoner along the Cantabrian mountains,
Vasconia, Aragén, the northeastern part of Cata-
lunya, 01d Castile and Eastern Andalusia. In the
Basque country the highest frequencies for light

eyes (light mixed included) are reached: above 40
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per cent, according to Hoyos (1952). Zaragoza
has 24,96 per cent, while the average for Spain
is 17.5 per cent. Blue-grey eyes become less
frequent away from the Pyrenees and the Basque
country, In the northern Meseta frequencies de-
crease towards the Portuguese border, while in
the southern Meseta they broadly diminish east-
wards. In Levante and Andalucia they broadly
seem to decrease in north-scuth and east-west
directions respectively.

The first fact that strikes us is that harmo-
nic blondism (light eyes and hair with preferen-
tially light skin) is rare outside the area en-
closed to thé east by the Pyrenees and the hill
country bordering the southern fringes of the
Ebro Depression, and to the west by the Canta-
brian mountains and the sea., Outside that wide
area, one of the three ingredients at least is
missing (partibularly light skin) and often the
three of them, Another striking feature is the
high degree of pigmentation of the hinterland,
which constitutes a massive core of highly pig-
mented individuals, only partially broken in the
north by the relatively frequent occurrence of
iight eyes (more frequently than not without ac-
companying light hair). As a whole, Andalucfa is
lighter haired than the Meseta, although the
trait is very unevenly distributed. One more pe-
culiarity is the'light pigmentation of the
Spanish Levante, with more blonds than the nor=-
thern coast and with the lightest skinned pro-
vince in Spain (Alicante).

Neither Levantines nor Basques can owe their
blondism to Indoeuropean speakers because none
inhabited the region, The Levante was intensively
Berberised, but neither the number of Berbers nor
their hair colour (average of 14 per cent for in-




335

dividuals in categories 3 and &4,among the Rif-
fians, lightest of all Berber groupg could be
enough to bring a whole region to the present
level of hair blondism, not to mention that the
Levante is.very far away from the average 57 per
cent of light and mixed eyes which characterize
the Riffian Berbers (Coor, 1969). Their blondism
is perhaps an attenuated version of the Aragonian
blohdism,;and the same is probably valid for
Catalunya since the three populations stand typo-
logically very close together (Hoyos, 1952), It
is extremely unsafe to talk about the Visigothic
contribution to Spanish blondism, since their
only important settlements, in 0ld Castile, were
extensively and intensively affected by the dis-
lodgement of populations accompanying the Muslim
invasion, which probably hindered the intensive
fixation of Gothic genes on any particular area,
A more effective impact was probably that of the
Suebians in north-western Iberia. Assuming for
the region a demographic importance comparable
with today‘’s and two alterhative figures for the
number of invaders (100,000 vs. 150,000), and as-
suming further two alternative fiqures for the
probortions of hair in cafegories 3 and 4 among
the natives (10 vs. 5 per cent) and that the cor-
responding proportion for the invaders was 60 per
cent (intermediate between modern Scandinavians
and modern north Germans), a rough calculation
(unsophisticated in the absence of knowledge
about the genetics of hair colour) shows that the
proportions of lighter hair in the region should
never exceed the figures of 21 and 17 per cent
(for 100,000) versus 23 and 19 per cent (for
150,000). These results, although tentative, look
reasocnable enough when considering the accretions

of darker individuals absorbed by the region since




" the early days of the Reconquista and the domi=-
nant character of dark pigmentation. A similar
phenomenon could have taken place somewhere

else as well (although not necessarily on the
same scale), notably in the Cantabrian region
between the territories of Basques and Galicians
 (fige VIIL6-2). The identity of those populations
is still debated, On an ethnographical basis

Caro Baroja (1975) has connected Asturians and
Cantabrians, the most numerous among them, to

the Ceitic world, while on a linquistic basis
Tovar (1949) makes them Indoeuropean but pre-’
Celtic, presumably related to the Urnfield
people. At any rate, they can hardly have entered
a vacuum, as the area has sheltered a relative-
ly dense population since Paleolithic times.
Thus, Cantabrian blondism may well be mainly
antochthonous.

Even more there must have been the case with the
Catalonian and the Ebro valley regions, which, in
spite of the remains of Urnfield occupation, many
in the eastern Catalonian area, never lost its
proto-Iberian character (Savory, 1968). Unfortun-
ately, the prehistory of the Spanish regions has
been very unevenly studied; that, together with
fhe nature of the evidence, renders extremely un-
safe most conclusions worked out on demographic
assumptions., On the basis of existing knowledge
it seems, however, fairly accurate to rule out
the Indoeuropean invasions from significantly con-
tributing to the genesis of Aragonese blondism,
On historical and prehistoric, as well as anthro-

pological, grounds that conclusion becomes cer=-
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tainty in the Basque case (1),

There were few Berbers in the Ebro valley,
where Arab presence was abundant, but they were
numefous along the southern borders of the Ara-
gonese region., And there was none of either
kind in the Cantabro-Basque hill country and
the Fyrenees,

Blondism in at least three of the Spanish re-
gions, thus, can not be explained otherwise than
as autochtonous, It is indeed, significant that
all extensive foci of blondism in Iberia 2 are
directly connected with mountain areas or in
their immediate vicinity., Although the situation

is not unusual in anthropology, the extension and

modern demographic density of parts of the zone

renders it uncommon., The region has the general
form of a triangle, with one side along the Py-
renees and Basque mountains, another (strongly
concave towards the centre of the Meseta) along
the Iberian mountain system, and the third along
the narrow coastal plains of Valencia and Cata-
lunya. Hill country and mountains delimit it
practically all around, since they even run

parallel to the coastal plains and encroach upon

The tribes with certainty identified as Basques
occupied a vast area centered in modern Navarra,
and stretching eastward across the northwestern
corner of Aragén and westward through the eastern
parts of Logrono and the modern Basque country.
Most of this last region was by then settled by
three tribes (Autrigonians, Caristians and Var-
dulians) whose Vasconian character is still a
matter of controversy.

There are no extensive foci of blondism in Portu-
gal. Compared with Spain, the country is also re-
markably freeofmountains. At Povoa de Varzim, a
seaside town in the province of Douro, the per-
centage of blonds rises to 14.3 (Mendes Correa,
1919). In a country of long faces, the Fovoans are
distingquished by their broad faces and broad jaws
(Coon, 1939). ‘
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them in many places., The regionis naturélly

open to the Mesesta tablelands on the northuwest

and the southeast, the two ends of the Iberian
system, and to france through two difficult

passes on both ends of the Pyrenees. These were

in the past practically the only two negotiable
routes across the northern barrier, which - be-
cause of its complex morphology - has proved

to be a more formidable obstacle to man than

their higher counterparts, the Alps. The southern
barrier, although the largest single ‘'area of dif-
ficulty' within the peninsula, is broken down by
river valleys into distinct units which help to
provide means of communication with the Meseta.
Although penetrated in different occasions, the
region’s relief must have contributed effectively
to minimize contact with outsiders, except in the
immediate vicinity of its natural passes, thus,
partially isolating its geographical heart, Ara-.
gén, for very long periods in antiquity. Inaccessi-
bility must have been at its peak during the Wirm
period, which glaciated the Pyrenees and the
highest tops of the Iberian system, and later with
the,luxuriaht spread of forests, subsequent to the
end of the Dryas III period., In such semi-isola-
tion, a moderate to big population can evolve
reasonably free from erratic trends, steadily per-
meating its immediate neighbours and being slight-
"ly affected by them along its periphery. In the
absence of any alternative explanation and since
the optimum period for the spread of mutant alle-
les for bondism in Iberia is past, it is most
reasonable to suggest that its relatively high
ratios among the Aragonese are merely the remain
of an ancient adaptation to Paleolithic environ-
ment., The trait may well be receding. Because of

that, and owing to gene losses to darker popula-
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tions, blondism may have been even more frequent

in the past in Aragén. On craniometrical grounds,
Hoyos (1947) has described the progressive 'medi-
terranization' of the Cromagnoid traits of the
Mesolithic and Neolithic Aragonese and eastern
Spaniards. The presence to the north of the Basque
people, also with relative high ratios of blondism,
also attached to their mountains, which, in spite of
relative isolation, have permeated the populations
around them with their unusual blood group fre-
quencies and their craniometrical peculiarities,

may serve as an illustration of how a population

of Mesolithic.(presumably older) ancestry can

evolve into a new one while retaining some of its
oldest characteristics,

In north Africa and the Canary Islands the oc-
currence of blondism is normally associated with

(1)

a second one reminiscent of the north African Cro-

either a type which has been called 'nordic' or
magnon variety (Coon, 1939), No traits specifical-
ly cromagnoid are frequent nowadays among Aragonese,

Levantines or Catalonians, although isolated indi-

“viduals resembling Cromagnon types have been re=-

ported in Vasconia (Fusté, 1957) and the Central
Sierra (Hoyos, 1947). Yet, bone remains resembling
the Cromagnon and Combe-Capelle Upper Faleolithic
types are common in the whole Mediterranean area of
Spain, from the Paleolithic until at least the end
of the Neolithic, while in the Cantabrian area the
Combe-Capelle element seems so far to be absent.
These types can not simply have disappeared. Basi-

cally, alone or in combination with latter popula-

-

Presumably nothing else than a recombination of
local 'Mediterranean' and 'Cromagnon' genes - re-
appearing whenever and wherever the basic material
is available - perhaps with some Vandal accretions.
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tions, they must have evolved into the modern
inhabitants of the area. Common incipient eye
blondism among eastern Andalusians (Aranzadi &
Hoyos, 1892) - or even among Andalusians in
general (Hulse, 1934, cited in Coon, 1939) - can,
on these bases, be expiained in the same way as
the Aragonese, or as a-result of post-Recon-
guista plaﬁtation, or both. Indeed, two differ-
ent mountain systems enclose the region, con-
verging eastward and leaving place for the
Guadalquivir depression on the west., Of the gene-
ral abruptness of the Andalusian region - includ-
ing some of the highest peaks in the peninsula
(Mulhacén, 11,420 ft) - can witness the ample suc-
cess of brigandage, endemic in Andalucia from pre-
Roman times until well into the last century, and
the insurmountable difficulties experienced by
local authorities in their attempts to draw the
outlaws out of- their refuges in the sierra. Con-
trary to Coon’s suggestion, Berbers can not be
held responsible for eye blondism in, at least,
eastern Andalucfa since tﬁey were very few in num-
ber there. They may, however, have made a genetic
impact on some particular districts of western
Andalucfa, since clan units tended to settle to-
gether and some came from the Atlas and the Riff
districts. |
Generally speaking, it is extremely difficult
- to evaluate the genetic effect of the Muslim oc-
cupation in Iberia, owing to the scarcity of in-
formation as to their numbers., In the long run
Arabs became a minority and Berbers a discrimi-
nated - against majority. Guichard (1976) has cal-
culated a minimum of 150,000 or 200,000 Muslims

for the VIITth cenmtury, with three more important
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invasions to come. However, owing to the much higher
living standards and to the massive conversions to
Islem among the Christians.(most of whom had stayed
in the occupied zone) the numbers of Muslims aug-
mented prodigiously. Most of them must have been
either converted Crhistians or hybrids - as anthro-
pological studies among their modern descendants in
northern Africa also seem to suggest (Coon, 1939).
During the three first hundred years of the Recon-
quista no Muslims were allowed to remain in the re-
gained territories, which suggests an indigenous
origin for the darkly pigmented inhabitants of the
the northwestern corner of the Meseta - presumably
connected to the brunette type of southern Galicia
and neighbouring areas of northern Portugal (Caon,
1939)., This agrees well with-the aforementionsd
patterns of repopulation during the Reconguista.
(Font Rius, 1974)3ﬁhe,repopulation of the

southern Meseta went along new lines, and the
-defeated were allowed to stay as free subjects

of the Christian kings. Many of them converted

to Christianity and became assimilated by the
native population., Their impact, thus, should

be masimal in the Levante and'the southern half

af the Feninsula, But the distribution of Arabs
and Berbers agrees badly with present differen-
ces in blondism, as Arabs were generally predo-
minant in Andalucia while Berbers were more
abundant in extensive areas of New Castile. The
darker zone along the Portuguese border is pre-

sumably cwing to gene flow across it.
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Assortative mating and pigmentation,

Seventeen years after the publication of his most
famous work, "On the origin of species', Darwin, in
recognition of the seeming failure of his theory of
natural selection to explain the appearance of cer-
tain sexual diFFerenceé within the species, suggested
that those traits must have evolved because they
helped their possessors to more frequent mates or to
sexual access to the most prolific members of the

species (Darwin, 1889). The question is as valid in

‘the terrain of characters common to both sexes as 'in

that in which Darwin originally Formulatéd it and, in
a more general form, can be phrased in the Follomiqg
way: along with sexually dimorphic characters, are
there any other traits which, by increasing their
bearers' possibilities for sexual success, can lead
to a shift in associated population frequencies when
the trend persists for long enocugh? An issue of the
utmost relevance in this context concerns the way in
which selection of mate, whether bilateral or not,
operates, '

Among animals, a male’s success in finding a sexual
partner may depend on his physical capacity to drive
away competitors and dominate the female or allow in
the picture a certain amount, extremely variable, of
female undertaking. The last modality implies that the
female’s willingness has to be gained. That requires
either Vigeur or sexappeal or both. Strength, positive-
ly correlated with weight, and weapon’s size (horns,
fangs,..), along with sexually attractive attributes,
seem to procure for their male possessors the ability
to build up a harem of females, within polygamic
species, consequently endowing them with a better
chance for propagating the genetic component of those
traits. That seems to be the system at work among many

Primate and Artiodactyla species, where males are
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normally bigger, better armed and more brilliantly
coloured than females, But within monogamic species,
with sex ratios close to one, even the sexually less
successful individuals do have a chance of finding a
mate. Under those circumstances,-sexual success would
not seem to be such a clear advantage from a natural
selection standp0int, unless the sexually most success-
ful individuals also managed either to 1) engage them-
selves in more prolific unions than the rest, or 2) be
better fitted than others to keep their offspring a-
live or 3) it .was found that, favourable sex ratio
notwithstanding, a considerable proportion of individ-
uals never managed to mate, Darwin, himself, believed
one of these to be the mechanism at work within mono-
gamic specises and that some of_thosé.qualities which
allowed their possessors the access to the most allur- .
ing femalss also enabled them to be more efficient
fathers.
.' _Ambhg.humans, whether it is matter of a socially
.sanctioned.union or of a casual one, sach of the in-
VOluad&”partners has to gain the other’s acceptance.
U%ry bften, especially among simple-technique sociseties
the«responsibility for granting acceptance is not with
the bride herself but with her custodians, and this

may drastically affect the contract’s foundations.
- When the female’s custodians do the selection it is on
the basis of social position, which implies means to
compénsata them for the loss of labour force which the .
female’s departure represents, Decision by the femals
is- 1likely to introduce new factors into the picture
(character, Handsomeness) and even let them take pri-
‘ority. Women in their turn, are selected for their
functional aptitudes (domestic readiness, assumed fer- -
tility) and personal attributes (beauty, character).
Thus, those physical attributes. which. are instrumental
in seizing the other sex’s favours are still important..

What is new abaout humans is the relevance of intelli-
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gence in de£ermining sexual success. It may be direct-
ly selected by or indirectly, as one of the foundations
for social position., However, as soon as the economic
pressure is alleviated sexual appeal emerges, at least
for men, as the most influential factor. The importance
of beaUty in our society is everyday empasized in art,
literature, film, advertisements and the like. In
people’s minds attractive individuals in real life are
often endowed with all kinds of good qualities (Dion

et al,, 1972). Prejudices in favour of handsome people
have been elicited by sociological research among wide-
ly different sorts of people: children (Dion et al.,
1972), school teachers (Berscheid & Walster, 1975),
university students (Dion, 1972; Landy & Sigall, 19743
Sigall & Ostrovs, 1975). Ethnographic material from
dther parts of the world seem to point in the same
direction.

When compared with other human attributes, beauty
has a selectlve advantage over them all: it is most
visible. Beauty 91gnals out a person’s physical pres-
ence and attracts others’ attention. Because of it we
may take steps towards contacting a person, who may
or may not prove interesting, whose acquaintance we
might otherwise never have made. An overwhelming amount
of research material suggests that this is in fact
what often happens. When people are asked what kind of
qualities they would prefer in a partner of the op~-
posite sex, they often name traits such as honesty,
character strength and the like, taking up physical
appearance only secondarily. On the contrary,; a vell
documented body of information shous that an attractive
physique is enormously important in the evaluation of
a presumptive partner’s suitability. In practice, it
may even happen that other factors become irrelevant
(Berscheid et al., 19?1), especially in connection
with the first impression. Another experiment conduct-
ed among university students (Centers, 1972) produced



a somewhat different scoring for men than women
(table VIII-1)., It may be argued whether Center’s
planning of his experiment did not leave full room
for his female students to display the ‘thoose-soph-
isticated' syndrome disclosed by Walster and others.
It is also doubtful whether a less educated female
group would come out with a list in which nine out
of ten traits have to do with character and intelli-
gence, altogether suggesting a strong element of
social ranking. But even allowing for the existence
of class and culture differences it seems that, at
least in western societies, good looks are somewhat

more in demand among men than among women,

Abilities and atributes considered Abilities and attributes considersd
by both male and female raters by both maie and femaic raters
to be more desirable to be more desirabie
for males for females

Achievement Physical Aunracuveness
Leadership Eronc Abiliry
Occupational Ability Afiectiona! Abiliry
Ecopomic Ability Social Ability

Domestic Ability

Sariorial Abiliry
Interpersonal Undersrandiag
Art Appreciatiop
Moral-Spiritual Understandizg
Art-Creanve Abiits

Entertaining Ability
Intellectua! Abiliry
Observational Ability
Common Sense

Athletic Ability

10. Thneoretical Ability

11. Scientific Understanding
12. Mechanical Abiliry®

& Mechanpical is ap exception in that it was considered by both sexes to be belcw
average in desirability as ap ability for 2 female.

S N N L
e Y

—

Table VITI-1. Abilities and attributes considered by university
.students of both sexes as socially desirable for persons of either
sex, but az somewhat more desirable for persons of e given sex.
(After Centers, 1972).

The exisience of such a differentiation, great or
small, may not be as odd as it looks, Millions of
years of natural selection for manual dexterity and
abstract thinking might well have brought about such
a‘development in reproductive behaviour, introducing
within the most passive sex a preference for those
factors inciting the weakest responses (intelligence,
character) as selective agents, while keeping sexual

appeal’s old role within the sex normally starting
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the sexual approach. It has not even to be a great
innovation since even among other Primates there are
traces of it: De Vore (1965) found among male ba-
boons a general correlation between sexual activity
and rank, and Jay (1965) reported that female langurs
at the height of receptivity solicited most higher
ranking males. Among -humans, such a step would be in
agreement with the main evolutionary trend but, as
long as sexual appeal retains its procreative role,
it would hardly be biologically recommended thorough-
ly and bilaterally to 'intellectualize' attraction
between sexes,lcontrarily to what some extreme femin-
istic elements seem to long for. To expfess it blunt-
ly, being sexually alluring is adaptive only when
there is someone around capable of being allured.
Beauty being so overwhelmingly important in the
choice of partner, it may be questioned which are the
traits that define it? Although some present day con-
ceptions of what is‘attractive about men and women
may still ocwe much to our pre-human past, the emphasis
is' not as overtly put today on sexually dimorphic
areas. Although few men or women would object to a cer-
tain amount of forms or a vigorous physique, certain
serveys (WiISOn & Nias, 1976) seem to indicate that
neither powerful shoulders nor muscular arms are
specially attractive for women in our society, while
small buttocks, lean-waist and belly, eyes, long legs,
~ hair and tallness attained the highest scores in that
order. Men’s interest, on the other hand, focused on
more openly sexual characters (size and shape of breasts,
buttocks and legs) in widely varying combinations.
Darwin believed that there was not in the mind of
man a universal prototype of beauty and that each
population tends to admire its own racial traits that
differentiate it from others. On this -basis, sexual
selection would tend to increase genetic distances be-

tween populations (Darwin, 1889). He estimated sexual




selection to be the most effective amongst all pro-
cesses which have contributed to create the physical
differences between human groups. He was undoubtedly
right about the lack of universality on beauty ideals,
Not only in space but also in time, human ideals on
physical perfection are subject to change. While
ecologically and biologically rooted emphasis on some
widespread activities and roles (hunter, warrior;
mother) can lead to a certain degree of universal
convergence on certain functional attributes (lean-
ness, vigour; fecund forms), there are wide disagree-
ments in many other areas, The diversity in human
aesthetic taste becomes fully evident when comparing
figurative representations of the human body through
time and space., Differences are specially marked be-
tween the main racial stocks, particularly in terms
of colour. At this level at least, Darwin’s belief

6n populations preFerentially admiring their own
racial traits seems to be generally correct, but ac-
culturation can easily upset any traditional norms.
Hulse (1967) has reported on positive selection for
light skin colour among Japanese. Also in Japan, not
leng ago, surgical operations on female noses for
‘obtaining a2 more European-like profile had become a
relatively common practice within westernised circles.
In N¥geria today, commercials advertise creams which
make skin lighter, bringing - reputedly - happiness
and selfassurance to their possessors (Engberg, 1983).
Thus, while cultural contact (often leading to cul-
tural colonialism) brings uniformity, isolation and
cultural assurance tend to work on the opposite
direction, thereby making possible the fulfilment of
the diversifying role postulated by Darwin, provided
the following requirements are satisfied:

1, The trait for which individuals are selected as
| sex partnefs must be either genetic itself - oOr

non-genetic, but associated to one which is gen-
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etic and will be cdrawn in the process,
2. With respect to the bearers of the trait selec-
ted for, the population is
a. either polygenic or polyandric (with or without
differential fertility and survival per union),
or both, or
b. the population is monogamic, but 1) the bearers
of the trait become normally engaged in unions of
greater than average fertility and/or 2) are better
fitted than most to keep their offspring alive,
;Hd/or 3) a non-neligible proportion of the po-
pulation is left outside the reproduétive'stream,
their phenotypes not being randomly represented.
With reqgard to pigmentation - the character with
which this work is concerned - fulfilment of the first
condition is fully met._Ih addition, by modifying en=-
vironmental conditions, the individual is capable of
dramatically altering the pigmentation of his hair
and skin, nails, teeth and - lately - even eyes. The
regular dying of hairs and tanning‘of-skins may be-
come instrumentally important in modifying selective
hressures. The three countries concerning us have sex
ratibs close to unity(1), but in all three the pro-
paortions of adults of each sex engaged in building up
families are far from 100 per cent.: Concerning 2.2, all
three societies are 'western' and theoretically mono-'~
gamic, but it may be wondered whether the long es-
tablished existence of divorce in two of them does
not in practice amount to a certain degree of poly-
gamy. During 1978 and 1977 respectively, for instance,
the ratios of divorce/marriage were in Sweden 0.51
and in Britain 0.34. In Sweden, among those divorced
in ﬁ978, two years later were 44 per cent’ of the men
and 34 per cent of the women either re-married or
living with a new partner. These individuals can then

be éxpected to leave a significantly greater contri-

1,011 for Sweden; 1.049 for Spain; 1.059 for Great
Britain,

349
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bution to the population’s gene pool. In order to

prove that this could affect the physical outlook of
the population, it should have to be shown that there
exists a correlation between divorce and physical ap-

. pearance. In this respect, Kirkpatrick and Cotton
(1951) have found a positive association between mari-
tal adjustment and physical attractiveness, with the
greatest weight on the female good looks. Such an as-
sociation, provided with the necessary steps (divorce
and neuw partnership), would seem to lead to the spread
of less attractive phenotypes in the population, unless
some counterbalancing mechénisms were also involved..
2.b.1 and 2.b.2 must be rejected as long as no stat-
istical support is presented in their favour. On the
other hand, 2.b.3 may well represent part of the situa-
tion but there 'is again no experimental proof for it,.
Provided, however, that requirement 2.b.3 was satis-
fied, the drift in frequencies to which such situa-
tion would lead, can easily be foreseen.

But even if it is extremely involved to establish
the demographic implications of any eventual selective
trends in mating, the existence OF.such_trends com=-
bined with non-random distribution of phenotypes among
the selectors, other factors being neutral, may lead
to a re-distribution of phenotypes (if not gene fre-
quencies): increasing the proportions of homozygotes
for the genes involved (positive assortative mating),
or that of heterozygotes (negative assortative mating).
Faor instance,Awith perfect assortative mating (corre-
lation betuween phenotypes of mated individuals, rpp’
equal +1), no dominance and complete heritability,
equilibrium is not reached until heterozygotes entire-
ly disappear. In practice, however, phenotypic corre-
lations above r :0.5 are rare in human populations
and the practical effects of positive assortative
mating‘are greatly attenuated (Sspubler, 1972). With an
rpp:U.B and one pair of genes involved, after an in-

finite number of generations, heterozygosis is only
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reduced from 0,500 to 0.333, and with ten paits, het-
~erozygosis is reduced to 0.476, Positive assortative
mating leads to increased variability of the popu-
lation as a whole, while negative assortative mating
reduces it. ’

In an attempt to explore the eventual existence of
seleﬁtive mating trends, individuals of British,
Spanish and Swedish extraction were asked, in com-
bination with the reflectance test, to fill in a form
where one of the sections referred to their prefer-
ences in terms of pigmentation of the eyes, hair and
skin in the other sex (guestion 63 ), The intermediate
category correspondé to mixed to light brown and dark
blond, for eyes and hair. For the skin, it was ex-
plained as a natural medium to light brunette com-
plexion, or - for light-haired people - a medium
tanned skin. Some individuals would tick two alterna-
tives, for instance, darkeyes and light eyes. In such
a case, 0.5 would be scored in each of those categ-
ories - instead of 1. For the reasons indicated in
section III.1.b, the 2/4-criterion has also been em-
ployed here, The frequency distributions for the 2/4-
samples follow those for the 'pure' samples so close-
ly that, even to the naked eye, they could be judged
identical. However, only in the Swedish case were the
requirements necessary for application of the xz-test
fulfiled (table VIII-2, column I). Column II shouws
also the frequencies for the combined samples.,

The Swedish sample had the greatest proportion of
persons without preferences (indiFFerentists) in both
sexes., Next come Spanish males, followed by British fe=
males, and last come British males and Spanish females.
Differences in ‘proportions of indifferentists are sig-
nificant when comparing nationalities, at each charac-
ter under.consideration, and non-significant wheﬁ com=
paring characters within each sample. Within each

sample and for each character, discrepancies in fre=-
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Table VIII-2. Mating preferences in Sweden, Spain and Britain,

and their sigrificance.

In column I, comparisons betwean 'pure' (first row) and '2/4'

sanples {second row): x2 {upper row) and p (lower row).

In column II, significance of the preferences - amang males

(upner rows) and femeles (lower rows): x° (first figure) and

p (second figure). On the right hand side, heterogeneity of the

sample (x2, p).

In column III, between-amex comparison of mating preferences -

categories 2 and 4 pooled together for mateye and mathair, ca-
" tegories 1 and 2 pooled together for matskin.

Legend. . .
1. Mateye, mathair and matekin:. .
0 = no preferences; 3 = both 1 and 2; 5 = both 1 and 4;
6 = both 2 and 4; 1, 2 and 4 as in table VIII-3,
1y 2 and 4 as in table VIII-3. :
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quencies for indifferentists and non-indifferentists
are significant in all cases, except for British males
with variable mateye. In all cases, except among the
British, the proportions of indifferentists fall when
considering preferences for skin colour. ,

In the Swedish and British samples, men are more
conservative than women in their tastes for all three
characters; to a greater extent than women they tend
to like the light eyed, light haired and light com-
plexioned individuals. Among Spaniards the reverse
situation predominates (table VIII-2, column III).
Differencies between sexes are significant in all c¢ases,
except among the British - mathair (p=0.130), matskin
(p=0.459) - and among Spaniards - mateye (0.100), mat-

skin (0.094), 4
' As for the trends themselves, although Swedish males
- for eyes and hair - tend to favour the national type,
they also feel very attracted by the opposite'pigmen-
tation - dark eyes,‘:dark hair, Differences between pre-
" ferences (col, II) are, in fact, non-significant (p=
0.317, eyes; p=0.330., hair). Swedish females show a
clearly significant predilection for dark-eyed indi-
viduals (p=0.005), and close-to-significant preference
for dark-haired individuals (p=0.075). Both sexes,
clearly favour medium pigmented skins (p=0.000) and,
after, light skins before dark. This last discrepancy
(light vs. dark) is only significant among males (ﬁ:
' 0.000).

Spanish males and females significantly favour
ligﬁt eyes before dark (p=0.000, males; p=0.004, fe-
males). Significantly after ligﬁt, males prefer medium-
coloured eyes (p=0.021) while females prefer dark. Men
favour medium hair first and then dark hair (the order
does not attain significance, though). After that
comes light (n.s. with respect to dark, s. with respect
to medium). Spanish females, on the other hand, prefer
dark haig, then medium and then light; The order is
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significant all along. Both sexes show a predilec-
tion for medium pigmented skins, followed by dark and
then light skins among females (order significant'all
along), and by dark and light together (n.s. order)
among males. . .

British males prefer dark and medium eyes equally
and then light, but differences are not significant.
Females prefer dark eyes first, then medium, then tht;
differences in order are only significant among the
first two (p=0.004)., Males in our sample favour dark
hair before light, and light before medium, but only
the difference dark vs, medium is significant (p= ¢
0.034). Females fancy first dark énd'then,medium,
followed by light. Order is only significant between
the two first choices. Like Swedes and Spaniards,
males and females tend to like best medium coloured
skins (p=0,002, males; p=0.000, females) followed by
light and dark in the males and by dark and light in
the females., The order, between the two last options,
.is not significant.' , '

The most favoured phenotypes, obtained by combining
the answers as given by those tested, correspond to
what could be expected on the basis of probabilities
(table VIII-3, a to c). The samples are, indeed, too
small to detect any extremely unusual preferences.
(Here the B/Q-Cfiterion has been followed.) After the
tharmonic' combinations (light eyes and light hair,
dark eyes and-dark hair), Swedish males favour females
with light eyes and light brown hair, while females
prefer the 'disharmonic' types (light hair with dark
eyes, dark hair with light eyes) in approximately
equal proportions. Among Spaniards, owing to recombi-
nation dynamics, the most popular type for males seems
to be a female with light brown hair and light brown
or mixed eyes, closely followed by light brown hair
with light eyes; whereas among females, men with light

eyes and dark hair, very closely followed by types
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2., ¥Yateye:

1.= darker than category 2, &4 =

2 = light brown to mixed eyes.

""3. ¥athair:
1 = darker than category 2, 4 =
2 = 1ight brown {crdark blond).

‘
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41 Sweden {phenotypes).

lighter thar category 2,

lighter than category 2,

1 = darker than category 2, & = lighter thar category 2,
2 = medium to light brunette,
light-haired people).

medium tanned skin (for
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fgble VIII-3b., Mating preferencee in Spain (phemtyves).

legend.

1. Bateye, mathair and matskin:
0 = no preferences.

1. ¥ateye:
1.« darker than category 2, 4 = lighter thar category 2,
? = light brown to mixed eyes.

3. Mathair: :
1 = . darker than category 2, 4 = lighter than category 2,
2 = 1ight brown (ordark blond).

4, Matskin:
1 = @arker than category 2, 4 = lighter thar categery 2,
2 = medium to light brunette, medium tanned skin (for
1ight-haired people).
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fable VIII-3¢. MNating preferences in Great Britain (phenotypea).
Legend .
1. Mateye, mathair and matekin:
‘0 = no preferences.
1. ¥ateye:
1.= darker than category 2, & = lighter thar eategory 2,
2 = light brown to nixed eyes.
3. Hathair: )
1 = darker than category 2, 4 = lighter than category 2,
2 = 11ght brown (or dark blond). ‘
4, Matskin:
1 = darker than category 2, 4 = lighter than categoTry 2,
2 « medium to light brunette, medium tanned skin (for
1ight-baired peorle).




358

0 F VARTI ANUCE ® = *« »u = »
T I I N et s e s e e

ASVE
A NALYSTS

KIN
LI B B R

*
A9
TS
X
LG
*

1
A
t
Vv
.

SvE
- -
ay
ITH

SUBFILE

[YEL VY

Zw
wo

Zu)
aur

DF

. v
Ows
3«
53
[Vala)

SQURCE CF VARIATION

ada

—
ey
(& o]

..
~r~
[alaal
-

-

vy
ol

<L
—~

ao

o
(9]

ONIN-

N
LI ]

000

oo
e
~3 O

LI
-0

oWV
Lele Yo
L od o ]

L e
[ 1 g X" 4
[aV LAl o

AL od Al
pele J &)
[atals g
e .
~ 0
[-e2 o] o

(¥} 4
e
LTS 4
w v
w2
<
ZEWVN

<
x

~r

[AY a¥]
..

CalVA}
(oY

LI
-

[Talval
QO
L]

an
[a¥Ta¥}

O
el el
-

.«

LAl Al

0.035

* &
+ C?viklhf;S
DEV'N  BETA

2.287

45.791
20,026

20,394
ANALYSTIS

I IR I IR 2 B R B B I
ADJUSTED FOR

é
14
620

* ®

CaAT1ON
0.10

-
s

F

-~
Je

-

26746

8290.629
8565.375
35IN
Lass
9
i

ON COEFFICIENT
tg w1

.

?

b

RAW REGRESS
1.5C2
65.04

%

- > e e e w e e e m o w e e e meoe ® e ® ® & ® ® ® % ® ® & ® & 2 = e e 00
r &

EXPLAINED

RESIDUAL

COVARIATE

buLE

GRAND MEAN =
VARIABLE + CATEGORY
MATSKIN

TOTAL

0.04

1 H

3

0.2
-0.1

agMn

-y

sex

448

L]

0.05

Associations between skin (uie9) and materin.

Table VIII-4.

SOQUARED

R
R

noLtibLE



359

SUBFILE  5PA ASPA .
L 2 B ; ; ANALY SIS O0F VARIANCE®* *essarw e
U1A
BY MATSKIN
SEX
WITH A9 ) i
* & & & ®* ® & & & & ® * & & & * & * & B & T ¥ & " ® 2" T N E LT EEYE RO &
o . Sum OF _MEAN sIguxr
SOURCE OF VARIATION .. SQUARES LY SQUARE F ¥
COVARIATES 161,534 1 61.53%  1D.14 .
A3 181836 } 161:830 18188 8:8%3
MAIN EFFECTS 97.012 32,337 2.031 Q.11
MATSKIN 11.§1§ 3 53333 .§.gsg g.;o
SEX B6.954 1 86,956 46 +02
2-WAY INTERACTIONS €. D46 2,523 : Dot
MATSKIN SEX $:3¢8 $ ‘ R RIIN R
EXPLAINED 351,214 ¢ $§8.536 3.677 0,002
RESIDUAL 3120.549 198 15.921
TOTAL T 3471.763 202 o %7.187

COVARIATE  RAW REGRESSTION COEFFICIENT
Al 0.147

P S S

met MULTIELE TLASSTIFICATION ANA LY s
ay ;A?SKIN )
wITH AT ) .
'Q'.ﬁ'"Q‘""'l'"'I‘_".'.“'..."...
ANC MEAN = 1.73
o’ £ 6 ADJUSTED
: UNADJUSTED  INDEPEND
VARIABLE + CATEGORY N DEVIN "ETA  DEVIN
MATSKIN
TSyt 42 -9.47
2 11315 .20
: 28 -0.28
0,07
SEX .
) 11 -8'3;
7T 0.22

MULTIPLE R SQUARED
MULTIPLE R

Table VIII-4. Associstions between skin (uie?) and matekin.




SUBFILE (1.} A

* * A
UIAQ

BY MATSKIN

SEX
WITH DUS

» L - A ] L ] [ 3 *
SOURCE OF VARIATION
COVARIATES

DULG

MAIN

: Ma

SE

2-WAY INTERA
MATSKIN

EXPLAINED
RESIDUAL.
TOTAL

EFFECTS
TSKIN
X

CTICNS
SEX

COVARIATE
DULG

RAW REGRES
-0.585

9 CASES WERE PRO
?6 CASES ( 1%.0 P

. . MuLTIPL
UIAS
8y MATSKIN
SE;
WI1TH DU
* ® & 2 w ® ¢ w A ;, w
= 66,21

GRAND MEAN

"VARTABLE ¢ CATEQORY
HATS?[N

4
3

) b

Tadble VIII-4.

360

G8

N ALY SIS OF VADIANCE SS®S &v5sa80ecs

" w e ¢ * & * o £ % ¢ % ¥ & & T ® # & & & B C ® W & ® G

SUM OF ME AN SIGNTE
SQUARES OF SQUARE ¢ OF ¢
1.419 1,439 136 0.714
1,439 1 1.A§° 3.136 8.714
£1.65¢2 13.%86 1,311 9,27
33.e36 % 13.!65 1.373 3.?63
3.661 j 3.661 0.346 B.5¢9
L ] 1.6 ‘ .”9 * ‘
§3:362 - % 11:68%  1:3%82 8:3i8
66.297 6 11,069  1.043 0.406
699,152 66 10.593
765.445 72 10.631
SION COEFFICIENT
CESSED, .
€T) WERE MISSING, .
-----------.‘-o-----'-----'.6---.-9":.
E CLASSIFICATION. . e

ANALYSTS

LR B R R X B TR T R S S S S S

ADJUSTE
UN‘PJUSTED INDEPEN
N DEV'N ETA DEV'N
10 =1.71
51 0.40
12 -0.29
0.22
34 06.12
39 -0.11
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with dark eyes and dark hair, and even light eyes
combined with medium hair, seem to be most fancied.
British males and females mostly favour 'harmonic;
specimens of the other sex - with dark eyes and
hair - closely followed in the case of men by types
combining medium eyes and light hair or light eyes
with light hair, :
Soc far for the trends and their proportions. Is
there any evidence for the existence of non-random
distribution of phenotypes among the selectors? In
other words, is there any sort of assortative mating
in the populations under study? Table VIII-5 shows
the rank and biserial Ty correlation coefficients be-
tween the phenotypic variables (eye, hair, skin) and
the mating variables., CategbryO(indifferentists) has
been excluded from the mating variables and 'skin' is
represented by the reflectance readings (at the ninth
filter) corrected for their-predictors. The Ty coef -
ficient was obtained from the MCA of an analysis of
variance (table VIII-4, a to c) between uia9 (cor-
rected), as dependent variable, and matskin plus
uia9’s predictors as factors and covariates.
In table VIII-4, neither matskin®s nor the inter-
action effects were significant. In order to obtain
more proper correlation coefficients than the beta
regressions offered by the analysis of variance sub-
program, its out-put has been rearranged into a dichot-
omy (142 vs. &) ahd the biserial coefficient has been
calculated instead (table VIII-4), r, is positive for
Swedes and negative for Spaniards and the British. All ' |
values are small (highest r, =0.110, Swedes) and non-
significant.
For eyés and hair, correlations with mateye‘and
mathair, are all positive, with the following excep-
tions: Swedish males --eyes (rsz -0.004), Spanish fe-
males =--hair (rS= -0.098), British males --eyes (rs=

-0.218) and British females --hair (r = -0.196). All
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coefficients are weak (strongest is =-0.218, British

d --eyes) and no correlation is significant, except
that for hair-mathair among Spanish-males (rS=U.211).
All in all, it must be concluded that - with the afore-
mentioned exception - there is no evidence of any sig-
nificantly important assortative mating trends in the
three populations under consideration, The existence
of well defined mating preferences seems to be broad-
ly independent on their possessors’ pigmentation. In-
deed, it must be borne in mind that, with greater
-sample sizes, some cases might attain significance -
namely Spanish females (eyes), British males (eyes,
hair) and females (hair) - but that must remain for
the moment as an uncertain possibility. For all other
cases,eépecially among Swedes, the non-existence of
assortativé mating seems difficult to refute., In fact,
the numerical value of the coefficients seems to de-
crease with increasing size of the sample, a phenom-
enon occasionally fdund before when the British sample
was involved (which might or might not be due to
sampling hazards).

Thus, the existence of a liking for a southern
European type of pigmentation seems to be a well estab-
lished fact in the populations under study, often -
especially among females .- with absolute preference
over other types. A strong element of attraction for
the exotic or uncommon is probably implied in the pic-
ture, and the fact that Spaniards have - to a minor
extent - also included an infrequent element in their
mating preferences would rather confirm than deny this
conjecture. Whether these preferences are somehow re-
strained by mentally ‘'housing' them in a national mate
or not it must remain a matter of con jecture, since
no information on that subject was collected, but that
might well be the case with a considerable proportion
of informants. Are these trends very old? Although

literature and travelling, and to a lesser extent art,
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may have helped in making south European outlocks
physically attractive in countries like Sweden, where
tHey - until the recent massive influx of immigrants -
were extremely scarce, ordinary people had to wait for
tte advent of more powerful media - namely TV and film -
. before having a chance to become acquainted with them.
In lands like Spain, or even Britain, that should not
have been necessary, but in Sweden the pigmentary pre-
ferences elicited—by the gquestionnaire may well not be
older than the centiry.

The Swedish sample is representative of the social
stratification of a country where most of the popu-=
lation is middle class, but the Spanish and British
samples are mainly constituted by students. To what
extent this may have éFFected the results is difficult
to tell, but it should presumably be expected that the
mass of the population is more conservative in taste.
This might significantly affect the outcome of the
experiment in the case of the Spaniards, perhaps
attenuating that preference for light eyes, but not
necessarily so in the case of the British, where hair
colour under the light brown variety is in many areas
almost as abundant as all the rest together. Indeed
Spanish folksongs and popular poetry almost without ex-
ception witness a seemingly very old preference for
the national type.

There is more clear evidence of a change in fashion
in the field of skin colour preferences, During the
hineteenth century and up to the first decade of our
century, many Europeans would go through physical pain
in order to keep their epidermis hidden from the sun,
not seldoﬁ as a token of class affinity. Sunburn was
mentally connected with lower class and heavy physical
work outdoors. The phenomenom was especially intensive
in non-Mediterrenean Europe, where pale complexions
were already endemic. The way to a change in fashion
was paved at the turn of the ecentury by the confir-
mation in science of the folk belief in the therapeutic
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power of sunlight, the rapid spread over Europe of
places intended to extract medical benefits of the
new knowledge - in which the Icelandian N.R. Finsen
was a pioneer - and the new winds in art and litera-
ture (Waldetoft, 1983). The new ideas were effective-
ly diffused by newspapers and books. Healthy, hand-
some young men and women bathing in summer landscapes
became popular motifs in painting, while naturist
movements tried to put the new ideas into systematic
practice. - In 1896 Finsen opened in Denmark his famous
institute for medical therapy with artiFibially pro-.
duced UV-rays, and in 1903 Dr. Rollier founded in
Switzerland the first anti-tuberculosis sanatorium,
By the 20°s the firms which had been manufacturing
creams for keeping pale skins white, had gone over to
the production of tanning lotions.

It is too soon to predict what can become of these
trends and their chances for significantly to affect
the genotype frequencies for pigmentation. A global
shift in gene frequencies would require as shown,
apart from the existing selective mating trends, a
series of requirements whose fulfilment, although sus-
pected in certain cases, is difficult to prove- and
evaluate, plus the existence, of course, of adequate
amounts of the requested genetic material, For a mere
redistribution of genotype frequencies the existence
of assortative mating is necessary. Its probabilities
for success are, however, heavily reduced by decreasing
size of the phenotypic correlation and increasing size
"of the number of gene pairs involved. It seems then -
even without being able to evaluate all the different
parameters involved in the calculations (Spuhler,
1972) - that little can be expected from the assorta-
tive mating process. A more realistic possibility
might lie with selective mating trends., Here, for all
preferences involving less common appearances, the

three countries are rather badly served by the national




stock. Thus, supposing the most 'deviant' aspects of
these trends do not disappear too socon, their main
possibility for significantly to influence the gene
pool may lie in the differential absorption of foreign
elements, Britain.and Sweden have the best expectancy
in that respect, since théy have now for several de-
cades been open to massive immigration, but the

phenomenon is little known in our time in Spain. Here,

. however, subsequent to the increasing opening of the

(1)

(2)

(3)

(4)

country and the rising standard of economic and social
conditions, a certain ambunt of miscegenation - prob-
ably a token of more to come - has been taking plaée,
mainly along the coasts and in the great cities.

The "impact of immigration should be especially strong
in Sweden and Spain, where most incomers would likely
turn out to be respectively darker and lighter. Sweden
is already experiencing its effects. Immigrant workers
and political refugees, amounting(1) to between one
eighth and one ninth 'of the country’s total population,
some of them - as in Britain - coloured (table VIII-6),

most of them in full procreative age(z), come to the

(3)

country alone or with their families and many stay ’

- Their unions with other foreigners are on average much

more fertile than those between Swedes (table VIII-7),
producing many darkly pigmented Swedes. Many more en-

gage in unions with the local population(a). According
to a rough calculation, these foreigners and their off=-

spring may be expected to provide about one third of

‘the exotic partners prefered by many Swedes.

Together with second-generation immigrants and hybrids.

Rccording to a census from 1979, for instance, around
60 per cent of the population of Foreign extraction was
between ages 20 and 44,

Among those immigrated between the years 1968 and 1978,
around 50 per cent were still in the country by the end

of the period,
Among all matrimonies celebrated during 1979 where at

least one of the contracting parties had non-Swedish.
citizenship, mixed marrlages constituted 71 per dent of

the total,
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eye hair svin eye hair svin
g |F0.n04 194 g | 0-067 97
mateye mateye
9 0.029 300 0,145 112
. - 0 _
d 0.068 200 J 0.211 a2
mathair mathair 0.031 +
i ) 0,045 307 -0,009P 115
Q - Q -
0,110 421 -0.043% 203
matstin - matskin -
Swe+Aswe (d+q)
Spa+Aspa (d+q)
eye hair skin
d -N,218 39
mateye
9 0.061 41
Table VIII-S. Correlations between pigmentation and d 0.151 40
mating preferences. mathair . -
Two first rows: rank correlations, Third row: bieerial
eoei)’ficient. calculated according to McNemar (1955, P. 9 l-0.196 40
19% ). -
-0.N58 73
matskin
Gb+Agh (d+q)
Oorigin 1969 1972 1975 1979
i Percentages
Jeeland, Pinland, ’
Scandinavia 69.6 48.7 60.8 47.2
- . Other Buropean
cocntries 22.6 %0.7 20.8 21.9
(Meaiterranean
Purope) 20.1
(Burope: Total) 69,1
Africa 1.0 5.0 2.5 3.4
8outh C.5% 1.3 3.4 7.6
Nortk Aperica 3.4 7.0 4.2 4.0
Asia 2.2 7.% 7.2 14.3
Oceanis,
Boviet Union 0.7 1.7 1.1 1.6
Abeslute figures €5, 000 30,00C 44,000 37,000
Table VIII-6. Iamigration to Sweder under 1969-1979.
1970 1972 1974 107¢ 1078 1070

. (44
live tirihs
rer thousand
womer

2441.%

Petales

Tarre VIII-7,

321,00

Sore statistical facts ahbout Sweden.

(+). Won-Swedigh nationalities considered omly.

(+4).

Swedis' ferales Mon-Swedish fermgles.




In agreement with the results from a number of in-
vestigations, well defimed preferences for certain
physical traits have been demonstirated in ths field
of pigmentation. Thus, a clear predilection fcr a
réther pigmented phenotype has been elicited among
females in the three countries under study, while the
males are either in favor of the local mbdal tvpe
(Swedes) or tend slightly to depart from it (3ritish
and Spaniards), in the direction of wha® in szch case
constitutes the most exotic phenotype. No traces,
however, of assortative mating could be demonstrated,
except for one trait among Spanish males. VYet, the =
phenotypic correlation is small and, presumably, no
significant drift in either gene or phenotype frequen-
cies can be expected, at least in a foreseeable future,
even after fulfilment of all other requirements. Exact
prediction is, however, impossible since the assortment
coefficients employed here are not directly comparable
~with Spuhler’s, owing to their different statistical
nature, and since the exact number of genes involved
in the manifestation of the traits under considera-
tion is still unknown. On the other hand, clear pre=-
ferences for exotic pigmentations may lead, provided
the adequate sort of partners is made available by
continued immigration or whatever, in the course of

‘time to a shift in gene frequencies.
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CHAPTER IX




IX. 1.

SAMPLES AND METHODS

The populations examined in this section range
across a wide geographical area, from NOrthern Europe
to the Mediterranean and from the British Isles to
North Central Europe. Unfortunately no data from
Eastern Europe werse available to the author at the
time of writing. Thus, this densely. populated part
of Europe is unrepresented, In addition, South
Western and Central Europe are scarcely covered., A
list of the populations under consideration (with re-
ferences) is given in appendix E. Some of them are
not Europsan but have been included for purposes of
comparison,

Since most data come from articles by different
authors, the philosophy behind each is entirely in-
dividual and so are the methods and the instruments
utilized. In a work of this kind the complications
raised by this div?rsity of methodology fall into
one of the following groups: 1) technical problems
and 2)'statistical.problems. Under the first heading
are included those derived from the use of different
filters and spectrophotometers, different standard
surfaces and by taking the measurements on non-
comparable sites of the skin, Under the second
heading are considered the problems deriving from
sample size, fulfilment of statistical requirements
and others.

The data to be analysed were all taken by means
of E.E.L., instruments using two different sets of
filters: the 425-545-685 set and the 430-550-685 sset,
although minor variations and wavelengths of filters
one to nine also take place withim the second series,
The problems raised by the diversity of spectro-
photometers, filters and standard surfaces have been
commented upon in more detail elsewhere (Fernéndez,
in print). This and other irregularities have, within

reason, been ignored in order to avoid excessive re-
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duction of the amount of available data, It must be
borne in mind, however, that some mis-positioning of
populations can in consequence arise and that, even
if this would not be expected to be major, there is
enowgh ground here to question the whole idea of
interpopulation comparisons as long as this source
of spurious variation is not brought under control.
No Photovolt spectrophotometers have been used in

studies of European populationé included in this

work., ~ ,Magnesium carbonate has probably
been used in all cases as standard 'white' for cali-
bration with an exception - Wassermann’s South
Africans, where magnesium oxide served, This is how-
ever no more than a guess since some authors do not
mention the matter at all. '

Some data, potentially interesting in this con-
text, were not inter-comparable with the rest due to
the diveréity of the skin areas selected for measure-
ment. Because of this, all of Correnti’s and Barni=
cot’s data and part of Rijn-Tournel’s data were of
no relevance at all for the aims of this section.
FPerhaps it should be mentioned here that Barnicot’s
results (1958) - measurements taken at the forearm -
have been negligently compared by a number of in-
vestigators with their own sample means - readings
taken at the upper arm,

There is no generally accepted methodology for
dealing with the analysis of data., Several treatments
have been proposed. Harrison & Owen (1956/7; 1964)
found that: 1) in vitro the reciprocal of the re-
flectance values at long wavelengths (specially at
655 nm and 685 nm) is linearly proportional to the
 concentration of melanin and, according to the same

‘authors, is not significantly altered by variations
in the presence of blood or bile underneath, for the
other filters this relationship holds only at lower
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concentrations of melanin. 2) The relationship be-
tween reflectance readings at 425, 545 and 685 nm,
~which is curvilinear, turns out to be linear when
~plotted under the form log10R425, R545 and antilog10
R685.'Une more advantage was claimed by Harrison &
Owen for th:ir method: that additiveness of genic
effects is more clearly revealed that way. One
limitation, however, accarding to the author’s own
experience, linked to - at least - the logarithmic
transformation, is that it totally distorts the
shape of the distribution curves, so that parametric
statistics can no longer be applied. In support of
Harrison & Owen’s observations about the relation-
ship between melanin concentrations and reflectances
at Filters 608 and 609 are ths ekperiments.of Harmse
(1964), Walsh (1963), Lee et al., (1959) and Jansen
(1953).

Other methodologies (Tobias, 1961; Huizinga, 1968;
Kalla, 1970) have élso been proposed, to be applied
to the evaluation of tanning. They are of no rel=

- evance in this context.

A few authors have employed the tri-stimulus fil-
ters and the three I,C,I, spscifications (dominant
wavelength, purity and luminance), (Weiner, 1951;

Das & Mukherjee, 1963), which should physically be

. the most informative and accurate procedure to charac-
terize the actual average colour of a population. The
arguments for and against this methodology have been
ogutlined in section I.5, More recently, Leqguebe (1976
a,b; 1977 a; 1979 a,b) has examined several popu-
lations by means of factor analysis and principal
component, analysis reaching some interesting results
(Leguebe, 1979 b). Leguebe (1979 a) has shown that
limiting the measurements to filter 609 - or even to
' filters 601, 605 and 609 - leads to ignoring 2 non-
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‘negligible source of variability and to misspending
its discrimination power. In fact a discriminant
analysis applied to five widely different groups

- Whites, North Africans, Vietnamese, Bushmen and
Negroes - accepted first filters 604, 608 and 607
(in that order) while loocking for the optimum dis-
criminant combination., This casts doubt on the con-
venience of using 601, 605 and 609 as a simplified
substitute for the nine filters.

Part of the methodological discrepancies is no
doubt generated by the diversity of pursued objects,
but a great deal derives from our deficiencies in
knowledge of whatever underlies the diversity of
colour. When for instance populations are collated
by their means and’standard deviations at filter
609 - or should it be at 6087 - the comparison is
really between the reciprocals of their melanin con-
centrations; while if .the C.I.E. specifications are
used in the comparison, the actual colours, as uwe
see them, are compared, To what extent both ap-
proaches produce comparable results should solely
depend on the extent to which coiour of the skin is
determined by melanin alone to the exclusion of
qfher factors. Principal component analysis with
nine variables (filters) seems to be a better
tool for characterizing populations by colour, but
its accuracy rests on whether or not those nine re-
flectance readings provide the best physical 'image'
~ of colour. Since physicians have unanimously agreed

that the best 'image' is given by the C.I.E. speci-
fications, it would seem that the nine-filters
methodology is not entirely satisfactory,

An additional source of insecurity is the fact
that few investigators give any information at all
about the fulfilment or violation of the assumptions,

It is known that when comparing several samples
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with each other, if they are not big enough, the
distribution of scores in the population should be
normal and that in any case homogeneity of variance
should be satisfied if inferences extracted from the
use of the t-test and the oneway anovar are to bs
considered fully reliable. In practice, however,
under certain conditions, both assumptions can be
violated without the reliability of the conclusions

being significantly diminished, (Hays, 1974; Mc Nemar,

:1959), In order to minimize the effects of such an

evenfual transgression, Hays’ recommendations on cor-
rections of the degrees of freedom when applying the
t-test have been followed,

R diagram illustrating the relative positions of
fhe,populations under study has been included as fig-
ure IX,2-1. Indeed, £he.picture might be somewhat
distorted as a result of three types of error: 1) op-
erational errors, due to unnoticed malfunctioning of
the spectrophotometer (teo high/low readings caused
by non-calibration, instability, ..) 2) statistical
érfo;s (mainly inadequate use of parametric statis-

 ties with distributions erroneously assumed to fulfil
'ths appropriate requirements, 3) interobserver error,
. causad:- by the multiplicity of measurement procedures

introduced by different investigators. Whilst Lees
et al..(1978) have proved that the third source of
error can be brought under control, it is not equal-

ly easy to discard the others.

.Diversity of spectrophotometers, - filter sets and

‘standard surfaces are problems which have afflicted the

use of spectrophotometry in human biology since the be-
ginning. |

The different methodologies which have been proposed
for the analysis of reflectance data are summarily re-

viswed,
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Pilter 601 Filter 605 Pilter fool™)
Author Population x s K x L] R x [] R
Perndndes York 9 45.690 3.743% 29 70.517 2.856% 29
Bulse. 1973 R. Northum 37.12 4.46 67 45.30 4,45 67 69.33 3.17 67
berland ¢
Aulse, 1973 K. Northum 34.26 5.06 58 44.09 3.94 58 68.97 3,89 58
berland o
Rigters- Duteh d 39.7 £.04 99  44.7 3.85 99 68.9 2.51 99
Aris, 1972/3
Rulse, 1975 SE Forthum 36.55 3.82 40 44.40 3.57 40 68.70 3.39 40
berland ¢ .
Havez, 1965 Brussels g £1.375 4.133 100 47.085 4.0615 10  68.005 4.745 100
Tobting, 1973 ZElue-eyed 36.9 1.18 15 41.7 0.99 15 67.3 0.73 1%
[3) Whites
Bulse, 1973 SE Forthum 33.46 4,43 37 42.27 3.64 37 66.95 3.93 37
berland o
0jilutu, '¥5 Naine d 40.3 1.20 74 45.2 3.46 74 &F,0 3.02 74
Smith & Mit- Cumberland 3€.48 4.57 252 42.13 3.92 252 66.77 2.99 252
chell., 1973 deg .
Rigters- Duteh 37.7 4.30 100 43.2 4.02 100 66.7  2.34 100
Aris, 1972/3 9
Robins, 1973 Blue-eyed 36.3 0.78 38 39.1 0.73 38 66.7 0.41 38
(=) Thites
Brown-eyed 35.3 0.64 46 39.4 0.59 46 66.5 0.51 46
Vhites o
Smith & Mit- I. of Man 36.68 4.09 163 41.88 3,65 163 66.41 2.84 .163
chell. 1973 d + 9
Leguebe, 1964 Belgians d 38.940 3.733 50 43.250 3.282 S0 65.980 3.126 SO
Leguebe, 1961 3Bruxelles 37.713 4.831 143 44,773 3.959 143 65.727 3.145 143
Pernéndez Malm8  d 34,630 4.894 255 '41.068 £.892 254 65.615 3.945 249
York d 41.258 5.036 318 65,511 5.011 318

Table IX.2-1.

reflectanc

e at filter no. 9.

Populations arranged by decreasing order of
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Pilter 601 Pilter 605 Pilter soq(“) .

Author Population x 5 K x 8 N x ] N

Sunderland et Ballinlo- 35.833 4.024 232 41,466 3.868 232 65.212 2.928 232
al., 1973 ugh o + ¢

- - - y—— c———————

Havee, 1965 Brussels ¢ 33,175 5.696 103 39,820 5.612 103 65,019 5.286 103

‘Perndndez Malmd Q 35.221 5.084 382 42.129 4,925 382 64.939 4.321 380

- - -

Sunderland et Rossmore 35.091 4.094 201 41,208 4.211 201 64.717 3%.203 2M
al., 1075 o"" 9

Robims, 1973 Brown-eved 33,2 0.63 35 37.7 0.48 35 64,7 0.38 35
(x) Yhites ¢

Sunderland et Carmew ¢ 37.23 4.17 162 .42.12 4.01 162 64.64 2.85 162
al., 1973

Leguebe, 1964 Belgians @ 35.389 3.647 45 42,400 3.096 45 64.589 2.971 45

Sunderland et i S . _
al., 1973 carnew d 34.86 4.36 105 39.37 4.36 105 64.40 3.52 105

Leguebe, 1961 Bruxelles 36.500 3,978 177 44.568 3.618 177 64.285 2.925 177
?

Piichi, 1957/8 Calcutta o 28.50 10 38.75 10 64,25 10

Wagsermann & South Afri 30.826 5.62€ 2'7 3£.792 6.735 217 63.952 10.914 217
Heyl, 1968 cans o + 0

Smith & Mit- Merthyr Tvd 33,01 4,31 182 38.68 4.36 182 63,16 4.85 182
chell, 1973 11 d + 0 .

Tiwari, 1963 European 34.93 3.09 23 38.58 3.97 23 62.97 3.17 23
mothers

-— = - = - - - - - -

Pijn-Tournel, Relpians ' 38.746 5.442 113 43.540 4.195 115 62,752 3,786 115"
1966 g+ 9

Ferndndeg Madrid ? 32.574 4.056 116 39.210 5.179 115 62.535 4.062 115

- ——— - - - - - - — ————— - —

Harrison & (- Livernool - 3¢&.1 0.453 104 41,0  0.453 103 62.5  0.342 105
wen, 1964 (s} d+o0 )




Pilter 601 Pilter 605 Pilter 609\ %)
Author Pooulation x s ] z s X x . ¥
Pernéndet Madrid d 30,386 ¢.706 104 36.742 4,318 104 60.967 4.217 104
Verhulpen, Belrians ¥2.329 4,082 B2 137.561 3.695 82 60.866 2.730 82
1973 o+ ° .
Perndndez Arhus 31.015 5.073 34 38,044 4.337 34 60.456 2.947 34
) d+ 0
Sunderland. Irao-Svria 31.2 5.779 19 39,1 4.472 19 60,2 2.345 19
1979 9
Barrison & O- Porto Ale~ 28.150 268 -35.530 268 59.250 268
wen. 1967 gre ?
Sunderland. Turkey 29.192 5,078 55 37.058 3,970 55 59,202 2.767 S5
1979 d + 0
4
Palestine 29.6 4.561 19 37,3 3.782 19 58.8 2.324 19
¢
Lebanon ¢ 28.7 3,950 41 36.6 4.111 41 58.4 2.302 4
miwari, 1063 Indo-Furo- 26.637 3,394 35 34,148 3,910 35 58.261 2.549 35
pean chil-
dren 'd + 9
Sunderlsnd, l.ebanon d' 27.0 4.889 142 34.4 4.765 142 58,0 2.916 142
1979
Harriéon & O- Porto Ale- 25.500 ‘?16 33,610 216 57.920 216
wen, 1967 gre d ‘
Harrison & O- BE hybrids 27.2 1.320 30 34,7 1,122 30 57.9 0.92¢ 30
wen, 1964 (=) d+9
Bunderland, Palestine 26,4 5.040 40 33,6 4.743% 40 57.6 1,082 40
1979
27.4 2,506 35 34,1 4.405 35 57.4 3.098 35

Irag-Syria
4
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Results and discussion

The populations to be examined are all included
in téble £ . Some are non-European - although
Caucasoid - and will be considered for purposes of
general comparison, fig. IX,2-1is a graphical repre-
sentation of their relative positions. The reflec=
tance figures employed here are all 'raw', without
any of the corrections due to the exposure variables,
In all three cases they have been arranged in de-
creasing order of reflectance at filter 609 (table
IX.2-1). Such a bewildering variety of coordinates
(geographidal, genetical and cultural) may be ex-
pected to produce highly significant differences be-
tween many of the groups. An analysis of variance
(one-way) shows the overall F to be significant at a

- level lower than 0.001. For the calculations all

groups with fewer than ninety-nine cases have been
disregarded, in orqer.to secure fulfilment of the
central theorem (Hays, 1981) and the South African
sample with its widely diverging standard deviation

has alsoc been omitted.

. 1
| wariarce | P

Source l S.S. ar ! estimate , i Significance
Between l 15324 .892 20 | 766.245 | 55,083 .  0.00
groups ! i ! [ ’
#1thin | 49049.139 | 3526 | 13.911 °

groups i : !

Table IX.2-2. Oneway anova betweer populations. N> 99,

For several reasons I have decided to, compare
these populations on the basis of their melanin con-
centrations alone, The inverse of melanin concen-
tration has been repeatedly shown (Harrison & Owen,
1956/7; Harmse, 1964) to be linearly related to
measurements at filters 608 and 609, 1) It is mela-
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nin, and probably thickness of the stratum corneum,
which seems to have a protective function éubject to
selective pressures; melanoid, carotene and blood -
although adding to colour - do not seem to have any
such a role..Ergo, the variability added by them
rather obscures the meaning of the picture in evolu-
tionary and selective terms. 2) An analysis based on
the X-=Y-Z or even all nine filters is utterly im=-
possible due to the character of the available data,
Under these circumstances calculations based on fil-
ters 601, 605 and 609 - although more informative in
terms of colour variability - do not provide any
‘definitive' information on either colour or melanin,
whilst 609 (readings at 608 being normally missing)
is the best in this latter réspect. 3) Filter 609 is
in addition the only one which practically always
~corresponds to the same wavelength - 685 nm,

No planned comparisons between groups have been
attempted since any relatively clear picture of their
differences would require t-tests in numbers such as
to highly increase the chances of spurious signifi-
cance levels showing up. The probability of at least
one out of a group of m independent t-tests carried
out, spuriously showing significance.at the level
ist 1 = (1 = %)™, which if = is small tends to the
value mx, Instead a battery of post hoc comparisons,
the Sheffé method, have been employed. Here the pro-
bability of over-looking a true difference is greater

(type II error), but the probability of commiting a

type I error in one or more cases is only « ., More-
over this method is known to be relatively insensi-
tive to departures from pormality and homogepeity of
variance (Hays, 1981).

As proper material for calculations, all groups
have been selected, with the exception of the South
Africans because of their extremely deviant variance.

The following clusters resulted: 1) the females from
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York énd from SE. Northumberland, with all popu-
lations in bétween, define the lightest block, - 2)
popﬁlations between the females from Brussels and
the males from York, 3) from Ballinlough to Belgians
III, 4) all populations between the Madrid women and
the Palestinean women, 5) from the Lebanese females
~ to the Irag-Syria males,

At least within the main racial stocks concentra-
tion of melanin can be safely assumed to be a con-
tinuous variable., Under these circumstances, sub-
dividing the range of variation of this variable,
within any of those stocks, and pretending that group-
ing to be definitive is statistical as well as bio-
logical nonsense. The clustering process can be in-
itiated at any point along the range of the variable
and many other groupings could be produced, all of
them equally valid. The present partition
provides.ornly a framework which automatically answers
some of the questions which the reader might like to
ask about interpopulation differences. If it does not,
the appropriate clustering can be produced in similar
way by choosing a more adequate departure point.

‘. Since the choice here fell upon the York males -
the clustering process proceeding 'upwards' and
'downwards' from there - one can be sure that at
least the Dutch males and the Belgians II differ sig-
nificantly from the rest of the Netherlands and
Belgium as well as from each other. Also the females
from York, three of the Northumberland samples and
the pooled men and women from Liverpool are signifi-
cantly different from the rest of the British and
Irish sampies, not to mention differences from each
other. Since the Scheffé method is a rather conserva-
tive one, when compared for instance with the t-test,
it can be expected that the use of the latter would
reveal even more significant differences.

Within Sweden, when 'raw' reflectance readings are
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employed, no statistically significant difference
was found between different geographical areas
(significance levels: 0,811 for 320 pure females

and 0,441 for 205 pure males) (table IX.2-3), in
spite of the fact that the country stretches across
a full fourteen degrees of latitude. Even if the
Swedes are traditionally in Anthropology looked upon
as a compafatively homogeneous group and even if
some of the sub-samples are rather small, the uni-
formity of the sample in terms of colour - geo-
graphical diversity notwithstanding - should warn us
against uncritically accepting the presence of such
pronounced differences within the British block and
especially within Belgium and the Netherlands. The
Arhus (Danish) sample is rather too detached from
Swedes and other northern European populations as
well as closer than was foreseeable to the Middle
Eastern block. Regarding Swedeh, the North European
centre of blondism, it defies éxpectation by occu-
pying a comparatively low position, whilst the
Spaniards take a 'logical' intermediate place be-
tween other Europeans further North and the Middle
Fastern groups. Again, Liverpool and Belgians II -
when compared with most groups of their own kinds
and to Madrid - seem to be placed lower than ex-
pected. :

Were anybody reflecting upon the possibility -
as an overall explanation - that whilst the lightest
European groups might be in their right positions
the Swedes may have been measured with a spectropho-
" tometer which 'read' too low, it should be remarked
that all Swedes and Spaniards and most of the British
were tested with the same instrument. This means that
a 'corrective' upward jump of the Malmd subsamples
would imply a proportionate displacement upwards of
Madrid and Durham, placing the Spaniards in a posi-

tion extremely difficult to explain, unless we were
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prepared to accept that the whole of the third block
‘and possibly part of the second were also to be shift-
ed towards the top.

It would seem that amaong populations containing
non-negligible and/or different percentages of 'sun-
bathers', with broadly similar patterns of forehead
exposure (use vs. absence of fringe, hats) and living
in approximately comparable environments, the fore-
head would be a better site for comparison than the
upper arm, since - although the colour of the fore-
head is further away from the basal pigmentation -
relative distances between populations are not like-
ly to be as affected by different habits of expo-
sure as when considering the upper arm. With the
forehead means, (fig. IX.2-1,b), a somewhat different
picture is found. Within the North European block
Belgians II and Arhus still lie rather low when com-

pared respectively with their Belgian and Scandina-
- vian counferparts, although their position with re-
. spect to Spaniards agrees better with what could be
‘forecast. Unfortunately some populations are unrepre-
' sented at the forehead site (notably Northumberland,
. York and Liverpool) for which reason we are laft
ﬁithout means of comparison. Sweden has climbed up a
. few 'logical’ steps and only the Durham males are
placed higher, whilst the Dutch females and the
 ‘BalQian 1 females come between the females and the
- males from Malmd, Even if this picture comes closer
to the‘expected, there is in the author’s opinion
~ sound ground for questioning whethé%tﬁuch of the un-
\expected ranking is to be attrlbuted to technical
“warror. Although this is presumably impossible to
.establlsh, it provides a further warning of the need
to control all sources of spurious variation in

spectrophotometry.
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-------------------- ONEWAY ===« o0
J VARIAZLE yIao
: ANALYSTS OF VARIANCE
SOURCE D.F. SUM CF SQUASES MIAN SOURRES  f paTry £ PROS
BETWEEN GROUPS 11 173.498¢ 15.7642 1.00% 0.440%
WITHIN GROUFS 1392 3017,6424 1£.4355
TOTAL . 204 3191.0481

VARIA3LE UIA9

ANALYSTS OF VARIANCE

SQURCE D.Fe  SUM OF SQUARES MEAN SQUARES F RATIO f PRO2
BETWEEN GRCUPS 15 206 .0685 12.737¢ 2.472 0 311;~.
WITHIN GROUPS 304 $211.5703 20,4328 . . -
T0TaL 319 6417.6347

Table IX.2-3. Apparent uniformity of pigmentation of the
skxin in Sweden. (Raw figures compared., Independent varia-
ble: landska.p).

Summary A number of populations were analysed by means of
the Scheff#& method for post hoc comparisons. After
Cafeful'consideration of the results, it is strongly
'suspected that some fraction of the observed inter-
populational variability is- just the autcome of plain
operational error,

It is felt by the author that the use of spectro-
photometry in the field of physical anthropology
demands instruments of greater precision than those
currently used until now. Deeper insight, on the ex-
perimenter’s side, into the basic technical aspects

of that methodology would also help.
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Conclusion

Vihen pdndering the mathematical layout for corre-
lation and regression analysis, a very relevant matter
concerns the evaluation of the risks involved in the

categorization of a basically continuous variable, They

" have been treated in some detail in section IV,1. They

may range from the creation of inexistent linear cor-
relaticons to the oversight. of "underlying curvilinear
trends.,

"It may be added that, in general, the existence of
profound diFFergnces in national idiosincracy - by mod-

elling the manner of exposure to UV-radiation, the ul-

.timate agent - will result in diversification within

each of the exposure variables, In fact, sach of them
is not - as we have been forced to assume - a unique
variable; but several related ones, as its categories
will fail to be universally aprehended in the same way
by everybody. The differences transcend the level of
frequencies to go-beyond the label itself., Two typical

pictures of sunbathing behaviour - that of a well-oiled

Swede, patiently lying down in the beach, his/her arms

rotated outwards for a more even tan on the inner side,

compared to that of a Spaniard camping in the sierra

“or sitting at a bar terrace in the beach - sufficiently
illustrate the point. Interpopulational similarities

and differences within a nominally unigue exposure var-

iable will, of necessity, be deceiving. That background
inconsistency ought to account for part of the afore-
mentioned lack of, uniformity in correlation patterns,
in between-sample and between-sex comparisons.

 Other factors, equally contributing to diminished
uniformity of correlation patterns, were pointed out

in chapter V as having to do with structural inequa=
lities betuween the sampleé, in terms of - above all -
the functicns of days- and age., When extrapolating to

the population level, a small-sized sample will stand




a poor chance of being representative, Part of the
discrepancies presented by the Sritish samples may
just be the outcome of a rare sampling of cases,

The combined effect from all these factors is to
diminish the reliability and, at times, the represen-
tativeness of the results, This circumstance must be
boerne in mind by the experimenter when planning his/
her research., There may be no practicable way out of
the problem for every particular situation, but a
state to strive after should be that, whenever poss-
ible, each of the variables should extend along the
greatest range of values compatible with the struc-
ture of the population, That, plus stratified sampling,
should take care of most problems - except those de-
rived from the‘categorization of continuous variables.,
UnForthately, accurate stratified sampling requires
a priori knowledge of the population structure - a

requirement rarely satisfied,

Sections IV.1 to IV.3 have elicited a number of
interesting trends concerning the correlations betuween
age and the behavioural variables, on the one hand,
and pigmentation (nine filters, two sites), on the
other, A schematic resume of the pattern of correla-
tions is shouwn in table X-1, Although the existence of
numerous exceptions severely restrict its applica--
bility, certain general traits can be singled out:

1. The correlation coefficients are greater in numerical

value among men than among women.

2. They are normally greater at the upper inner arm than
' at the forehead (except for dimension age: viceversa).

3., When the functions of age and days- are involved, the
correlation coefficients are generally best among the
firgst filters. A ninimum is reached at the fifth fil-
ter or nearby.

4, The best predictors are habitu, newhat and crfhnow
(cruianow among Spanish females), among the exposure
variables; the logarithmic ard inverse functions of
days-, and the lower powers of age and days- .




I.
Exposure

variahles

387

stterns of variation of the simple correlation coefficlents .....

along the spectrua
{211%ere 1 %0 9)

within saoch filter

bot-vo;n ssmples

the signs of the coef.
are normally ...

peresntages aof variance
axplained at filters 1,
5 and 9,

1, Be gamaral sTexd fo
variation of {he

1. Ooef. (leaving or—-
pow outside) gener-

1. 8ign. figures de-
teriorate with de-

1. hadit-r « (1)

1. Jo genersl homogen-
sity of effeocts,

betweer some of the independent variables and pigmentation.

(Sections IV.1 to IV.

s).

A11 filters and samples. Nales and females separate.

2. 0P +
coef. ally decrsase in the oreast
ng aige of . n .
2. Coof. better among order: newhatyhaditu the sample (1). S. er-nows + (2) 2 :;:;38 Br(%l;l:?ﬁm)
?on than smong women :::“b"'- v Smong 4. newhat: - and 8p, (', ¢).
exaapt f0r er-nowi .o. :
ng women haditu>
'“".r“)'. newhat.

3. Coef. better at uia Wher introduoing or- (1) oo
than at fh now, crfhnow tends t1°”1°n‘1 X6 6p-
(sxcept for cr-now: to overtake the 3rd thon;t:t uia between
viceversa). Yl’“ among males N ¢ and 7th fil-

?ng females, ors. :
erfhnow tends to (2) Many exceptions.
occupy the lat place
-with the other in & Excaptions:
3rd to 5th place. habitus Br & (7)
cruta: 8w & ,q (8)

2, 8ign, does not nornm. orfh: Br ¢ (sg Br ¢ (4
appear beyond the oruisnow: Sp o (4), Br
level of the 2nd q (a11)
varisble. orfhnow: Sw ¢ (all), 8p

¢ {(6), rr d (4), Br

[1) Rxcept for British (1) The trend is not 9 (6 (

2) smo 1 0lear for or-now newhatr 8p ¢ (5)

2) Rg.8p ¢t orulanow (in spite of the

British showing the
worst figures).

j. Coef. norm. better |1, Coef. increasingly |1, Sign. figures de- 1. ?“'" of days-1 + |1, Fo general homogen-
{decressiagly so) worse with asomding teriorate with de- ity of effects.
among the first fil- arder of power, oreasing aise of 2. deins - 2. uia (%): max. among
ters (1), d-in and 4-1g usual- the sample. 5. 4 s. d » ¢ - min, among
A minimum 1s reached ly undergo a common . 8=1gv +
at the 5th filter or fate. They often are (gS. max. among
nearby. the best predictors. Sp é, Br 9 - min.

2, Coef, better among |2. 8ign. does not norm. (1) Rrceptions predomi- | - %2008 8w ‘! ' Q.
men than smong appear beyond the nant from 4th and

3. Coef, better at uia ” ratic level ) Srd powers of daysfh

H } at th, for p_olynuminll_. (Sw g aSp g resp.)
4-1g {8 perhaps onowards; abundan
somewhat better than from 1et powsr ammg
d-1in. eentral filters (EBr

, g)

d4-in and 4-1g present
virtually oo excsptions

(1) 2 4y ¢ (uta, )1

mn.'.be‘ttu‘ among

the last filters,

; L
Breeptions:
ulst norm. affecting

Y filters between 2nd.and

5¢h.
Br & (uia): opposite %o
ov enersl rule for _

1. Coef. norm. better |[1. Coef. increasingly | 1. Sign. figuree de- -1;3 prectioally” st . l:esen;r:;f::::sen
smong -the first fil- worse {often) with teriorate with de- | 970 100 Ty metins ity o .
ters (1)7 ascending order of oreasing sige of | ", vy and age). -|2, uia (£): max. evong
A minimm 1a resched power the sample fh: norm. affsoting the 8' 9.. 8p d - min.
at the 5th filter 1, gyon porm:. déppears 5th filter (lees regu-. Swd, Brg.
(or thereabouts), at the three levels larly, others sa '-11)-_J m c(f )+ max. - aons .
although.sign, fig- of power ormot at | 000 = - — — — Swd, 9 - min. song
ures crop up often all. dg.

" among the intermedi-
ate f11ters (leaving]
one of the ends out- 1., powers of aget
sie). lata), - {m) (1),

2. Coef. norm. better |
among men than smongl
women.

3, Coef, better at fh .
than at uia
{oppostte to II).

(1) 3p fand Br & (A)s
4, for the two last
3 filters at sach

1) 8 8 uia) and| 1) fhi eise dces not '" of

) S; g: Fz': §!h):mm. seem as restrictive Q ui.s‘ -y pre-
better among the last there. dominant at each
f1lters. power of age.

fable I-1. General vatterns of correlation {mainly bivariate)




388

5. In gereral, the levels of sigrnificance deteriorate
with decreasing size of the samples.

6. Generally speaking, the signs of the correlations are
positive, except for the following variables:
habit-, newhat, d-in and - at the forehead - the powers
of age.
Most of these traits could be forecasted a priori
. in terms of, for instance, increased behavioyral dis-
 tance between the categories of the exposure variable
concerned - produciﬁg a greater Ay in formula IV,1-1 -
(men vs. women, inner arm vs., forehead), the increased
absorption power of melanin at shorter wavelehgths
(gréafer coefficients among the first filters) or the
asynchronism of the changes in melanin and haemoglobin
~ content after exposure of the skin to UV-radiation

(conflicting trends lowering the strength of the cor-

relations at the central region of the spectrum). SO
many agents are, however, at play in every case that
any safe explanation must be validated against a for-
mula, In the case of thé exposure variables, for
example, the correlation coefficient is seen to depend
‘mathematically on a feuw factors, which do not only
have to do with the actual score values but also with
the nature of their distributions. These factors are:
j) the number of cases in each category (uwhich,
together with the values assigned to the categories,
determine sx's valus), 2) the values adopted by the de-
~pendent variable, and 3) their degree of dispersion
(mhich, together with the two aforementioned, determine
Sy and Ay ). In the present context, howsver, explaining
each case in terms of formula IV,1-1 is of little more
thén‘anecdotic value, as no general rule can be issued
concerning the universal validity of any particular
mechanism,
When cbnsidering the combined effect of all behav-
ioural variahles and functions of age; dimensions age,
and days- are quantitatively and qualitatively pre-

dominant over'the others as predictors., The pattern is
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as following:
t. The functiors of age ard days- are more preponderant
among males than among females.

2, Their predominance is greatest among Swedes and
gsmallest among Spaniards.

3, Their preponderance is more marked at the forehead
than at the inner arm.

4, After the functions of days- and age, the most important
predictors are habitu, at the inner arm, and newhat, at

the forehead.

And when considering the multiple correlation coef-

Ficient itself:

1« R is generally greater among males than among females.

2. R is also greater at the forehead than at the inner arm.

3, At the imner arm, the multiple correlation coefficients
normally diminish from both ends of the spectrum towards
the middle.

4, R often (but not always) diminishes with decreasing
gample size.

Most of these traits just reproduce at the multiple
carrelation level the conditions previously observed
for bivariate correlations. Owing to the nature of the
regression analysis method employed, each of the pre-
dictors may potentially represént more than one dimen-
sion, for which reason it would be misleading to look
at the variables in any regression equation as necess-
anilﬁ:stahdihg;fcg all dimensions worthy of conside-
‘ration” in.:a unequivocal manner.

Variable sex, when males and females are pooled
together, turns out to be an important predictor.
Males are darker than females at practically every fil-
tgf and sample. The relevance of big sample sizes is
probably exemplified by the general improvement in
uniformity of regression patterns brought about by the
pooling of sexes.

When the geographical coordinates are 1ntroduced

into the picture, dimensions age, days- and - often =

sex are found to be more important as predictors than
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geographical origin. In spite of the survey taking
place during the 'dark' period of the year, behaviour
proved to be more important than geography as a source
of internal pigmentary variability. It becomes evident
that no period of the year can a priori be held as
safe, Comparing populations on the basis only of their
raw reflectance figures, without taking the behavioural
factors in.consideration, is a very hazardous game,
Thus, the need somehow to have that sort of factors in-
cluded (ideally, under control) in studies of human
*skin:colour' is emphasised once more,

The relevance of the issue is dramatically illus-
trated by the Swedish case, where the introduction of
the behavioural variables allowed the experimenter to
disclose previously undetected pigmentary differences
bétween regions., There, in accordance with the ex- .-
pected in terms of ecological factors, southern Sweden
turned out to be darker than the north - while, in an
alike manner, céntrélfsﬁain appeared darker than the
periphery. These results also agree basically with the
Ehaﬁnatherjscahty available knowledge on the subject,
In: those two samples pigmentation of the skin follows
gcology more closely than pigmentation of either eyes

or: hair does.

= R-number of interesting associations between the
~three pigmentations (skin, eyes and hair), the blood
groups and stature were disclosed., Others with metri-
cal traits may perhaps be suspected. Relationships
beﬁween populations established on the basis of poly=-
«‘morphié'traits can be used to check on those based on
ﬁolygenic (mainly metric) traits, a sort of anthro-
pdlogy which has fallen in disgrace during the last
thirty years - one of the reasons for it being the
lack of agreement about the importance of the multifac-
torial genefics' role in modelling the phenotype. Re=-

latively recent research, like Backman’s (1959),
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suggests that a potentially very productive field of
research lies open in that direction, The simultaneous
use of both polygenic and polymorphic traits provides
us with a tool of interesting possibiiities to inves-
tigate the reliability of anthropometry in racial
studies.

- The possibility of a shift in gene frequencies in
the three countries under study - as a consequence of
the existence of very clear sexual preferences in the
field of pigmentation - although conceivabhle, is very
difficult to evaluate, as dependent on a series of
factors of difficult quantification. The relevance of

a such process is, howevsr, .easy to grasp.

In addition to the sources of error which could be
labelled 'statistical', the spreading of the reflec-
tometric techniques in the domain of human biology
has been afflicted by a number of 'technical' problems,
Thésa,derive from the diveréity of filter sets, spec-.
#ropﬁotometers and - at the beginning - standard sur-
faces in use, not to forget plain operational error
- resulting from both the apparatus’ shortcomings and
the anthropologist’s limitations as a technician,
Section IX.?2 bears witness of the potential importance
of this last source of spurious variability, as there
are - in ‘the opinion. of the author - strong arguments
f in favour-of a technical origin for part of the dif-
ferences observed between the populations analysed in

that section.
Reflectophotometry must be approached with a greater

v insight into its technical aspects. Thoroughful infor-

mation (prior and after purchasing the apparatus) and
technical service (periodic maintenance) must be de-
manded from the technical firm, so that - ideally -
'the‘experimenter should be able to prevent or avoid
the most common pitfalls accompanying the use of the

‘techniqus, and to neutralize them - if necessary - by
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addpting.the appropiate measures (either personally
or vicariously), Before that new state is reached,

however, the anthropolecgist must acquire the cons-

ciousness of the urgent need for it,

Modern studies of human 'skin colour' frequently
display a surprisingly high degree of confussion
concerning the adequacy of their methodologies to
their nominal goals. Nine, three or one filters, the
C.I.E. specifications or even the filters 604, 607 and
608 - all have been proposed as the best possible
methddologyg it is aften.overseen that being the
the aims involved totally different, comparing their
methodologies is of no consequence, Only an infinite
number of Filters can accurately represent a colour -
_by-imeans. either of the whole reflectance curve or of
the C.I.E, specifications, to be extracted from it,
Among the instruments available in the market, the
automatic recording type provides the closest aproxi=-
mation to that condition. A nine filter curve is just
too ambiguous for such a purpose. It furnishes, houw-
ever, orientative information about the concentrations
ofamelanin and haemoglobins, but not about their ab-
sdlﬁte‘values. The same goes for the readings with the
'608 or the 609 filters concerning melanin content,
The emphasis are then in colour versus contents of
diVarse epidermic-‘colourants' - two widely different
tﬁingé, since several colourants contribute to the
Final chromatic result. On the other hand, filters
604, 607 and 608 may constitute the best discriminant
thfée for Léguebe's (1979 a) sampling of populations,
bﬁf'hot—necessarily for every other possible group.of
samples, Indeed, they do not either have to be the
best triad among all those candidating to yield the
best representation of any particular abridged curve.

When dealing with melanin, as with any other pig-
ment, the distance from the melanosomes to the epi-

dermis’ :surface is nearly as interesting as their
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number, Displacement of the melanin granules towards
the surface, even without a corresponding change in
the total amount of melanin, shows up as a general
depletion of the reflectance curve, especially at the
short wavelengths. Since readings at the red end of
the spectrum are nearly insensitive to positional
changes, that information would be totally lost
without a knowledge of other reqion/s of the curve,
It must be conceded, houwever, that, in terms of the
information with biological implications which the
anthropologist may as yet be able to squeeze from the
curve, most of it is still superfluous to him., In
spite of that, for the reason firstly exposed and in
foresight of the likely demands of future research,
as much as for gaining exactitude and for saving
valuable time in the field, the use of an automatic

fabording spectrophotometer is to be warmly recom-

fmended.

Homogeneity of methods and tools must be given top

,prlorlty. On this respect, it must be emphasised that

fcallbratlon of alike instruments on the magnesium car-

bonate s surface is no guarantee for production of

- Yidentical' reflectance readings on one and the same

:?oF operatlonal error in skin colour studies. Reliable
. maintenance service and standard coloured cards should
- be' made available by the manufacturers, and the cards

vshduld be purchased by each anthropology department

in-order to ensure comparability of performance, Por-

tability is indispensable, and the incorporation of a

s*u-device for automatic computation of the X-Y-Z speci-

fications, although not essential, would be highly

‘convenient. All those technical requ1rements are nouw-

adays satisfied by many spectrophotometers, perhaps
without portability., If not yet in the market, it may
probably be presumed that the portable .automatic

spectrophotometer will socon be a reality.
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- Swe -9
Bean B8t. error N Tetal Nean 8t. error ‘N Total
Bode Bt. aev. (8ig.) Bods 8t, dev, (Sig.)
Furt. Sxew.  “(rort.) (Srew.) Forte SXeWe  (g.:0.) (Skew.)
4,639
3i:038 2308 0 T A Lgss e o
Be132 ~p,y82 - - 8.354 =p,45; . - .+
43 684 8,339 0 43,688 9,278
43'9“ stays 20 280 Givaop siaze % 393
.41 *NWI¥E - | ¢ 2,328 =043 - o+
44_49 0,358 255 260 44,0 88 3
45:“3 5,590 u:ou £:833 302 393
Ped32 *0.23 - - 8.196 =p,558 - +
43,739 @ 4 4 260 © 2 9
030 24P L4393 .272 P 3%
f.519 =n,329 - - .:283 -0 }3 - +
41,068 p,307 254 260~ 42 382 393
33:09e~ 4.395 4 :333 2: 3§
2.483 epn, 203 - - q-ﬂla 3,275 - -
46,256 0,289 25
47:500 ale1 o %0 Tl Q76 2.241 382 393
0.392 =y,p24 - - : 9 ©0.392 - +
57,329 ] :
B dgzy v w0 g gam ome ow
10172 =g¢522 + - + 10117 =a.8a7 + +
64,219 2,24%
67id93 _3.892 252 260 g3:0a9 Pe234 380 393
@.812 =2,4i6 _ - 2,142 -‘:,” - +
65.6 e, 260 '
B3y 32 o s:833 9.3g5 0 39
1518 *9,.583 + + 1.111 =1.p%6 + +
{
28,36 0,294 2 260 29,527 8,240 138
26,00 4,694 % 29:e§a 4,699 >83 393
Pe363 2:569 .~ 4 + a.248 2.169 - -
% 57  ¢,330 25 36,992 2,267 383 393
33045 £330 55 260 32502 5.234
“Q.P46 8,212 — - .082 0.00 - -
36,100 7,094 8,273 1383
36so0a £:335 55 260 0004 51543 393
P.n53 Cedly - +  =0.,013 =uv.n7i - -
38,512 @, 254, 260 49 (.26
34,000 g.gg} 35:00 5,318 383 393
0.136 9,367 +  8e231  8.152  _ - !
33,513  n,334 35,604 R, 269
33taba 2334 254 260 ERAT 5:5“ 383 393
'0.192 DedR} - - 2.034 Me282 - -
38,957 5 4p,817 p,258 :
49,000 g:gaf 254 260 42,720 5:%45 % . 3B
9.183 p,362 - s Pe130 =g,06p - -
52,342 2,350 252 260 3,902 2,253 :
.gee _5.584 32000 aﬁggo 319 3%
8752 Tasd1d - - 2,592 eg,832 _ + .
61,433 g, ' 62,316 @ N
e&taae 2,;% »2 260 5315 8 diggi 38 3%
1,152 o3)61 - + 2.771- *2.930 - +
63,789 > 64,315 99 381 393
64,800 2:;;5 29 ze0 84315 3:437
0e274 =p,5%6 - - 0,544 =2.382 - +

Table B.1. Some elemertary statistics for the non-composite
sanrles. Pulfilment of the normality criteria.
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i Spa 0
. Hean 8t, error N Tetal Nean B8t. error N Total
Bode B¢, dev, {81ig.) Bode 8t, aev, (8ig.) °

Fart. Sxew.  “(gurt.) (Srew,) FKort. Sxew. g o7 (Srew,)

30,386 09,461 32,574 P
29:8“ ‘:N? 104 104 ”393” 2:ggg 116 116
p.18a  D,54 - - 2,321 20319 - -
@  @a,%505 'TIIY 495 .
g;:géﬂ §:isq 104 104 4a:a(lw g:sgg 116 116
2.272  p,353 - - *3.134 =p,35, - -
38,797 9,520 ¢ 505
36iage  5,3p1 104 100 402884 B:302 s e
op, 254 Ned’79 . -~ - 0.166 -0-399 - -
8,34 485 ‘ 42,889 0,435
3205 G833 104 104 450080 4r8ys 115 16
-0,232 Re364 - - 3,031 *p,074 - -
36,742 0,42 10 39,212 @,483
6;038 41373 193 o4 30208 B:173 s 16
01196 i3 - - 2ae3ey o) -
41,883 g 448 104 1 44,758 2,518 115 116
39:928 4.5¢4 04 4ilode S:37¢4 ' M8
*3.468 5,269 - - 1583 0.129 + -
52,611 8,448 54,398 8,463 1
850030 4:533 104 104 3¢'apm 4:934 "o ne
*a, 285 g.1t - - 2.650 =1,289 + s+
8,841 p,419 10 60,4 372 1
83:80% §:319 1o+ 4 fo.4s2 Q372 M5 116
.18 8.353 - -~ 24357 ep,385 -~ -
67,967 p 414 62,535 9,379
S81a2n arz;y 04 104 82,233 atpep '0 M6
0l195  g:fde - - 169 2385 -
21,825 92,354 104 . 464
Tojeda 3lsis 104 23.350 f:fﬁ 16 mé
t.22) a,724 Ty e 8.066 2,3 - -
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8,474 .4 1 ’
T A LR
A.S06  o.3er - - Cpl228 .3178% - -
8,270 g,376 104 104
S.00p  3I33g Sorgop iy 113 me
=8.175 =d.h2 - - 8 .8l =
7,473 0,378 9,869 -
20803 5:353 104 104 §3.08% 2.39¢ 115 116
.G'SB‘ a.‘ 16 - ';') - 9.233 .5:932 ' - -
32,183 0,429 104 10 5,354 e
33000 41;33 4 3:989 2.444 115 116
-Alde6 .1 . _ T at46s - -
45,096 o, 434 104 104
48,009 4,429 o 48:335 Qs 1> 18
s.01 De126 - - 8.%2 e.118 ~ -
287 9,468 104 104 _
820 e AT
ep, 381 =3,063 - .- ':3 . ‘:153 - -
86,724 9,404 104 104 ‘. 'RItE
s9,e00 4,122 33:428 9:813 115 e
*p,288 =B8.04 - - @.c9¢ @.136 - -

Table B.1. Some elemertary ntatiatica‘ for the non-composite
pamrles. Pulfilwent of the normality criteria.
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) : : . :
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. : . : \ '
-__0.000 0.001 ; 0.001 ' 0.001 . 0.COT .- e ‘- 0.001 ! 0.001
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2 H ! t i
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- ! \
3 i . ; )
R ; L ‘ J i 0v000

Table C.1, Zero-order correlations and significance
coefficients: behavioural variables and age.
‘Significance level: 0.05. Males and females meparate.
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£. : ‘ :
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! ! 0.000 i 0.001 ! 0.00:} 0.001 - - -1 0.014 ' 0.00
; i 1.000 | 0.792 | 0.978 -0.038 (-0.046 |-0,047 ;-0.087 . 0.352
o ! ; i :
! | 0.000 | 0.001] 0.001 - - - - 0.0041
¢ | 1.000 | 0.796 |-0.034 -0.040 |-0.041 |-0.063 ; 0.297
et i ’ ! :
. ! 0,000 | 0.00t - - - - 0.001!
- : : 1,000 }-0.031 |-0.037 |-0.037 {0,055 ; 0.271:
g ! i :
(=} ' ] : .
: g ! 0.000 - - - = ! 0.001;
‘ I [ 1.000 0.985'] 0,357 {=0.027 | ~0.024
= o
H i 0.000 | 0.001 | 0.00%1 | - -
o i 1,000 | 0,091 i-o.oza | -0.030
“ i .
: ; 0.000 | 0.001 ° - -
i ! ' 1,000 | -0.020 | -0.037
]
! i 0.000 - -
t H
5 i 1,000 | -0,796
Qe .
Bi |
! 0.000 | 0.008
x| 1.000
- i
(=¥ |
: ; 0.000
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SPA + ASPA (3/4) 4 N = 104
r r K r r r r r T' r r
sig. 8ig. sig. sig. sig. sig. air. 8ir. siz. sig.
{
) re2 | pe3 pra | s A A2 A3 i Drin | Ifi1g

—0.440|-0.459 | <0.440 | ~0.426 | -0.415 | -0.261| —0.28 {-0.302 : 0,150 | =0.269

0.0Q1 0.001 0.001 0.001 0.001 0.co8 0,003| 0,002 -] 0.006

-0.0095|-0.076 | ~N.0€67 . -0,062 | ~0,060 | -8.103 | -0.089/-0.075 ; 0.059 | -0.C9%

- - - - - - - -

0.024{-0,0%34 | -0,048 | =0,050 | =0,050 | =0.055: =0.055|=-0.052 |=-0.117} 0.110

0.001! 0.041 | 0.043 0.038 0.033 0.0917 0.096] 06.099 i 0.129 -0.0905

newhatex-bathjcr-now| erfh [habitf

1,000 0,925 i 0,866 .0.836 0.519( 0.360; 0.385} 0.401 ,-0.569 | 0.822:

g ~ : , :
i 0.000: 0.001: 0.00ti 0.001{ o0.00t! o0.001! 0.001] 0.00% i 0.001} 0.00%1;
o 1.000 i 0.989; 0,977 0.966 0.'584; 0.422] 0,448 :-0.293 0.5555
i : ' :
(= ! PN .t

: 0.000 ! 0,001 ; 0.002! 0.00%| 0.001;: 0.001{ 0.00% i 0,002 | 0.00%;

. ! 1,0001 0.,997{ 0.992| 0.358{ 0,399] 0.428 [-0.199 | 0.451%|
" . :
& I i

: i 0,000 | 0.00t] 0,001] 0.00%; 0.001] 0,00t ! 0.044 ] 0.00%]
< | i 1.000 | 0.999| 0.331] 0C.372{ 0,403 | -0.170 | 0.414;
o | : i |-
& ! ! i . ! :

- i : 0.000i 0,001} 0.001! 0.001] 0.00t ! 0.084 ] 0.001!
o i i i 1,000| 0.308! 0.349] 0,379 :-0.159| 0.398:
=] i ' H .
< : i

.’ i : 0.000! 0.001! o0.0c1| 0.001 | - | o.00t:

: i f ’ 1.000| 0.983] 0,945 {-0.090 [ 0.195
< ! i : i

: ! ! 0,000  0.0C1] 0.00. ! - | 0,048
o ‘ 1,000; 0,989 |-0.085 | 0.197
-’ . H

H !

! ; 0.000! 0.00% = | 0.046
- § | 1.000 1-0.078 | 0.195
- H :

! B 0.000 = | 0.048
i i 1,000 | -0.885
et ]

A H +
e |

| i 0.000 | 0.064
o i 1.000
& i

! ! ! 0.000




GB + AGB (3/4) d ¥ =32

r r RS r r r r r r r

sig, sig. sig. sig, sig, sig, sig. sizs., sig. sig.

Dr1 L2 - | D3 nra TrsS A1 A2 A3 ntin | Tflg
w| -0,329-0.309 | ~0.293 | -0,2B4 | -0.279 | 0.036| 0.037] 0.038 ! 0.282 | -0.332
z
] |
<| 0.066] 0.086 - - - - - - ~| o.0641i
&| -0+213}-0,201 | -0,194 ; -0.187 [ -0.179| 0.156| 0.157] 0.162 ; 0.275 ! -0.241
% i i :
(4] ' ¢

- - -y - - - - -} - -1

¥| -0.085;-0,090 { -0.088 ! -0.084 | -0.081 | 0.028! 0.007[-0.072 | 0.017 i =0.061
T , ' :
o NS I SRS N N N NP R R
) i : i
i ! i
ol ! . | |
B ~0.0431-0.050 z-o.o46 1-0.042 | -n,040 ] 0.1727 0.16G] -0.168 {-0.067 1-0.002 |
3 i | ! § ; : :
e ' i : H i :
[ - - - - - -1 - - | -’ -!

; 1.0007 0,977 | 0.042 ! 0.209 | 0.882 | -0.147} -0.1431-0,137 i-0,721 0.942
‘-; ) H H :
i 0,000: 0.001' 0.001] 0.001] 0.00% - - - i 0.001 . 0.00%;
o 1.000 ¢ 0.991 | 0.974 | 0.955 [ -0.141 ] =0.138 \~0.133 1-0.585 @ 0.856
,: ! H - i . ¢
e! ¢ .

. i 0.000 - 0.00¢! 0.00%] 0.001 - -} -1 0,00t 0.001}
o i 1.000 | 0.995 [ 0.985 | -0.132 | -0.130}-0.126 ;-0.506 i 0.790 !
w! ;

s : ! 0.000 | 0.001} 0.001 - - -1 0.002 ] 0.001 :
- i 5 1.000 | 0.997 | -0.124 | -0.123 -0.120 |-0.460 ; 0.744 |
4, . i i H H
= i i N i ‘

. ; : 0.000 | 0.001 ! = - . 0.008: 0.00%°
o, , . 1.000 | =0.117 § -0.117:-0.115 ;=0.432 ; 0.711 ;
E : ! i : 5

: i ; 0.000 ! - - - i 0.013! 0.00s:

: 7 ; 1.070 | 0.99€i 0.985 | 0.055 ;-0.126;
- ) i ! ! t
< } ; | ; | i

; ; i 0.000! 0.0011 0,001 ! - -]

: ! i 1.000! 0.996 | 0.056 |-0.2% !

; : P ' : .

l ; ! 0.000! 0.001 | - -

i i l i 1.000 | 0.057 |-0.120
! ' l
<; i

i ! : 0.000 | - -
& | j 1.000 |-0.906
by ‘

‘ 0.000 | 0.001
o ! i 1.000
S

i | ! i 0.000
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SW#E + ASWE (3/4) 9 F = 327
r r r r r r r r r r
8sirc, eig. sig. sigs. sig. siz. sir. sir. sip. sig.
‘DP1 | DL2 nes nre TS Al A2 A3 prin | Drig
&| -0.110/-0.154 | —0.163 | ~0.165 | =0.165 [-0.019 |-0.037 [-0.050 | 0.066 | -0.079
z A
=l o0.047] 0.005 ) n.003 | 0.003] 0.003 - - - - -
g| =0-746]-0.047 [ -0.047 [ -0.04 1 ~0.047 [-0.027 |-C.030 [-0.030 | 0.104 | ~C.073
5 ' ) i ; i
. - - - - -1 - - i 0.060 -
B 0.016{-0.019 [ -0.028 | ~C.029 | -0.029 [ 0.289 | 0.243 | 0,196 |-0,038 | 0.041
= H {
] | H
5 -1 - - - -{0.001 | 0.001 | 0.001 | - -
£ T
A i i
- : , ? |
E; o.ozs;-o.oz4 -0.047 ! =0.052 | -0.053 | 0,237 | 0.235 | n.226 | 0.004 | 0.023:
E: : i ! ; : ;
N H i . { H 4 4
H| - - - - -10.001 . 0.001 | 0.001 - -
[]

0.294 '-0.512 : 0.847!

1.000? 0.801 , 0.60° i 0.552! 0.53910,245 1 0,274

.

0.000; 0.001.: 0.00t * 0.901 | 0.001]0.001 ‘0.001 | 0.001 | 0.001 0.001

P

o j 1000 i 0.961 | 0.938 | n,a32]0.208 i
& | ! ’ ] ! : : :
s | 0.000 I 0,001 ! 0.001 ] 0,001 0.00% i 0,00t | 0,001t i 0.001 | 0,001
: 1.000 | 0.997 | 0.996 | 0,169 | 0,208 | 0,248 i-o.osa i 0,220
"
&, i f :
= { 0.000 i 0.001 ! 0,001 10.001 jo0.001 ! 0.001 i - 0.00%;
- i i 1.000 | .  {0.159 |0.197 | 0.236 |-0.038 . 0.164
o ' . ! ! i
i : 0.0c0 | 0,001 | 0.004 i0.001  0.001 ! - 0.003
N T T H '
Qi | 1.000 10.156 | 0.194 | 0.234 i-0.031 | 0.151
et ! : ; : :
: ! 0.000 ' 0,005 |0.001 i 0.001 . - . 0.007:
; : E t1,000 | 0,984 | 0.949 {-0.107 | 0.197}
S : | . 0.056 ° 0.001 |
z : 11,000 |0.001 ;| 0,001 | 0,056 0,001 ]
o ! - 1,000 | 0.782 {-0.119 i 0.213 |
s ! ;
! : i 0.000 ! 0.n01 ! 0.033 ! 0.001 |
3 ] [ 1.000 1-0.127 0'2‘7i
’ ] : !
i ' | 0.000 | 0.030 ! 0.001
A | 1.000 {-0.831
=
! I 0.000 | 0.001
1]
! ! 1.000
[N
! ! ! ! 0.000




SPA + ASPA  (3/4) 9 N = 105
r r . r r r r r r r r
sipg, sig. sig. aic. sig. siz. sir. siz. sig. sig.
LY TL2 - | N3 nre TS Al A2 A3 Dfin Trl
S| ~0.430/-0,4€7 |~0,442 1-0.424 | -0.413 [ -0.447 | 0,460 | -0.465! 0,122 |-0.26¢€
3
_ < ©0.001} 0.071 | 0.001 | 0.701| 0.001] o0.001| a.not| o0.001 - | 0.006
& =0.204-0.148 -0.121 {0,112 !-0,107 | -0.037 | 0,023 | -0.012] 0,153 i.n, 218
s ! '
0.037 - - - - -] - -1 -1 0.026
8§{ ~0.141:-0,118 {-0.104 i-0,000 | -0.096 | -0.061 | ~0:075 | 0.086 0,260 |-0.192
= H
A i
& - - - - - - - -1 0,007 ! 0,050
£ ' :
g |
o |
3 N {
§ 0.154 0.987 | 0.059 i 0.050 | 0.046 | 0,125 0.093| C.074 [-0.146 | 0.189
: ; e ; ; -
3 - - - - - - - - -~ ! 0.054 !
1.000: 0,874 | 0.771 } 0.730 | 0.712 | 0.567 ] o.sgsg 0.557 §-o.422 0.802 |
- B H '
- . . B H
“l 0.000: 0.00t | 0.005 ; 0.001 | 0.001 0.001° 0.001i 0.001 | 0.001 ' 0.00% |
R . 1.000 | 0,982 ; 0,965 | 0.955 o.7oei 0.721; 0.719 j-C.178 . 0.454 '
- t i :
I3 v o : i
{ 0,000 | 0,001 ; 0.001 | 0.001 { 0.00t{ 0,0011 0.001 ! 0.069 | 0.00%+
i 1,070 | 0,097 | 0,082 { 0.725 | 0.744{ 0,745 i-o.ocz i 0.307
~ : - : i
E : i [ i
! 0.000 | 0.00% | 0.001; 0.00%! 0.001] 0,001 ! - { 0.001 |
- I i 1.0n0 0,000 1 0.7291 0.750 0.752 1-0.067 | 0.261
S H i i
- i 0.000 ! 0,00t | o0.0011 0,001! 0.001 | -~ 0,007
0 : 1.000 | 0,731} 0.753: 0.756 (-0.059 ; 0.246
= ] : : ! y :
? 0.000 ! 0.001| 0.00%: 0.001 ° -1 0,011,
5 ! | 1,000} 0.2901 0.972 ,-0.102 | 0.259 |
< % ; ; ; :
i 0.0C0 | 0.001: 0.001 : - | 0.008 |
i 1.000]| 0,995 i-0.086 : 0,241 |
< ! t 5
. 9.000! 0.001 - | 0.014
i i 1.000 {.0.076 | 0.228
~ ' |
-< 1 H
! i 0,000 | -1 0,019
£ ; i 1.000 {-0.786
< | |
a
! 0.000 | 0.00" |
5 f i 1.000
X | '
' ! 0.000
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GB + AGB (3/4) ° ¥ = 46

r r } r r r r r r r r

sig, sig. sig. sic. 8ie. aiz, sipg, sir. 8ig. sig,

Pt o2 - | ne3 nra LtS A1 A2 A3 | ptin | Tfig
10,261 | -0.272}-0.266 |-0.259 {-N.255 |-0.30 |-0.292 | -0.276 [0.147 1-0.214
z . i A
< 0,081 | 0.068] 0.074 | 0.083 | 0.088 | 0.038 | 0.048 | 0.rs5a - -
g[=0.133 | =0.133-0,130 ;-0.128 |-0,12F |-N.010 | =0.021-0.0%3 ;0,115 |-0.128 |
T : \ i
o - - - - - - i - - - I - }
B P-4 ] 0.175;0.120 ;0,179 | 0,201 [ 0.126 | 0,112 [ 0,000 |=0.108 ; 0.122 ,
: e z j
1] ' ! !
ot - - - - - - I - - - -,
£! 0.070 [ 0.770 [ 0,133 | 0.745 | 0.151 [-0.021 [-0.017 1-0.074 | 7,015 [ 0.022 .
£ | : ; I
Al ! ; i ;

: = - = = = = bl - - -t
2 0.070 | 0.11010.133 [0.145 | o0.151 [-0.021 1-0.017 |-c.0t4 | 0.015 §0.022
H ’ ; : 5 ) :
s - -t - - - - - - - -

' 1.000 | 0,963 ! 0.904 0.862 |0.839 |-0.046 :-0.062 |-0.078 | -0.816 " 0.947
©i 0,000 0 0.001i 0,701 : 0.001 | 0.001 - - - 0.001: 0.001
o £ 1,000 | 0.985 {0.966 |0.953 | 0.068 | 0.048 | 0.028 |-0.642  0.828 |
H: H i N 1 i !
e H - : : !

: : 0,000 0.001 0,001 0.001 - - -! 0.00ti 0.001

j 1.000 {0.996 |0.090 |0.128 | 0.106 | 0.083 [~0.516 [0.724

: 0.000 | 0.001 | 0.n01 - - -1 0.001! 0.001
- P 1.000 | 0.999 | 0.154 | 0.132 | 0.108 -0.447 ; 0.662 i
el H H : H
=" i N 1 i

: ! 0.000 ! 0.001 | . - = - 0.,002: 0,001 '
! : i 1.000 i 0.166 | 0.143 | 0,118 ;-0.412 ; 0.630
! ) i H
= i 1 . . .

i " 0.000 - - - 0.004 ' 0,001

; ; i 1.000 | 0.996 [ 0.984 : 0.328 -0.197
CHE | T I A

: ; T 0.000 | 0,001 ¢ 0,001 0.026 i - i
N 1.000 [ 0.996 | 0.335 ~0.208 !
<: | . v H

] H :

: i 0.000 | 0.001! 0.023 -

; { 1.000 | 0,339 ~0,218
" i ]
< H

? 0.000 ! 0.022 -
5; . 1.000 [-0,957
Hi
a

| 0.000 | 0.001
" 1.000
-

[=H
i 0.000
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SWE + ASWE (3/4) o R = 207
B r { r Tr r T T i
—air, Leie. _I mie, sig. sig. sir. sie. ‘
. habitu cruia cruianow | exirnbath daysuia sge (=a1)
~'20,19 -0.018 ’
.'il-o 193 0.%24 0.085
=| 0. 00€ - 0.001 - _
o i-0.701 [ 0.00¢ [ o.212 0.09:
: + - + t
®i 0.004 - _|o.002 - .
v =0.189 =0, 058 0.03% 0. 148
;! . + '; : + e
o007 - 0.001 0.03¢
$i-0.173  i-o.020 ! : 0.230 0.090
pal . : i . +
i 0,014 : - : : ! 0.001 i -
. ; 1 - :
ol -0, 064 -0.06¢ ; | 0.12¢  lo.085
vl oo : i ;
= - - i i 0.07¢ P -
; 0.18¢ 10,090
1 NI
i €.00¢ -
! 0.194 ! 0.108
! + ] i
T 0. 006 i -
!
; 0.148 0.090
' :
i 0.032 -
§ 0.112 0.05%
: 0. 171 1 7,048
t
- __l_______ o 0.01¢ - i
! —0.0%0 LG, 105
: St
é i 1.000 0.023
[ +
= . €.00s -
: 1,006
@ i +
[ A
¢, 0,00

Table C.2,

Zero-order correlations and significance

coefficients: pigmentation, behavioural (primary)
veriables and age. Significance level: 0.05.
¥ales and females separate.
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SPA + ASTA  (3/4) -4 ¥=1718
r r r r r r b o
| sdr, | sip, . _{ sig. sig, sig. 8ip. sip.
"babitu cruis cruianow | exinbath | - . davauia age (=41)
< |-0.725 -0.008 -0.052 0.260 0.3%42
bay ' ' +
| o.cae - - ___|o.022 0.002
o |=0.222 0.0872 -0.037 0.240 0.724
« . . H ..
21 0.050 - - 0.034 0.04&
= |-0.318 -0.02¢ -0,0€3 0.292 0.22¢
-t
T )
0,004 - - 0.010 . 0.044
T |-0.250 - 0,006 -0.029 0.197 0.264
-i
=1 0.027 - - 0.08¢ 0.01€
w|=0.115 -0.042 0.027 0.093 0.208
2
- - - - - - 0.0€8
< 1=0.107 0.005 0.086 0.101 0.183
3 .
= |-n.215 0.007 0.060 0.140 0.162
[l 0. S S S U - -
c | -n.7242 0.101 | 0.033 0.12¢ 0.20?
s
"] 0.038 - - - 0.076
¢ | -0.185 0.117 C.047 0.126 0.304
5_ . .
= - - .- - j €,007
_‘é——?{déo' "1 o.149 | 0.06" _0.4580 0,203
z
£1 o.on0 | - i - . - 0.001 c.07¢
T ‘I 1000 -0.0%0 -0.103 L 0.086
£
o - - -
s - 1,000 _0.027 L0.05¢
1 +
& G.ono - -
Eree s e
L
U
[ 3
[ 8
N 1.000 0.21¢0
[ 4
£ .
= 0.000 0.00a
- --
1.002
[§
5 0.000




6B + ACR f3/8) J = 3
™ r r T r r r
SiF. sig. aie. giz. sig. sip. sig.
nabitu | cruia cruianow | exintath days:ia age {=A1)
~1-0.010 0,171 -0.045 -0.280
; .
o) 04026 0.145 -0.257 -0.122
L4
3
- | - - -
m| 0.022 0.141 -0.188 -0.750
3
T<f-n.ot . P18 | ~0,078 -0.222
< .
EX - i - i _ -
S !
w| .67 f0.124 ; -0.10° -n.276
;_‘_E . : i
o] 0.157 6.211 ' -0,945 ~0.038
-4
< - - - -
"l 0.217 { 0.310 i T R 0.336 ~0.958
[ . H
- H : i
0 PR L'+ S SO N 0.064 -
@1 0.105 ; 0.422 \ i -0.412 0.005
b ! ! : :
T~ lo.018 i ! o 1,021 -
c | 0.173 I 0.282 i -0.409 -0.197
- !
= - - i 0.022 -
gl 1000  fo.t08 . -0.305 0.050
= ; -
x| 0.000 ! - | 0.006 -
« 1.000 J | -0.18C 0.084
- i
£ { 0,000 - -
> 7T
[~ i
£ i
e :
I N '
3 . ;
< 1
] I
[
©
) 1.000 -C.180
2 .
&
= 0.000 -
1.000
: +
< 0,000

424



STE 4+ ASE 9 = 319

1] tr r r r T t

_sir. _8ir, __sis, _ste. sir. sig.

! nhabitu cruia cruianow davsuia  age (=A1)"
-1 -0,008  '=0.05° 0.109 0.404 0.C48 '
3 =
T, 0,080 - 0.754 o _..n.n01 - ;
ot =0.127 -0.067 n.0an 0.379 0,081 :
3
21 c.024 - - 0.001 -
m| -0.137 -0.096 0.074 | 0.3567 0.000 |

i . ,

! ! X

i n.015 0,075 - 0,001 - !
- -0.138 -0.048 0.0a1 0.321 0.094 !
2 : ' :
°i n.ong - - 2.001 0.0%4
1 =0.120 -0.029 0.625 0.272 0,057
=
= 0,n32 - - 0.001 -

=0.084 ~0.06a 0.066 n.207 0.060
.

-t

-H - - - . 0.101 -

~ =N.114 .=0,039 0.020 : 0.259 0,122

[ 4

2| 0.082 - - B ____ ‘o0.001 0.032

c ! -0.126 . =0.020 0.068 0.322 0.248
i :

i n.024 - - 0.001 0,001
< {20,084 0.028 n.106 0,325 0.251
] +

E - e 0088 © 0.001 0.001
21 1000 0.101 0.013 -0,061 ~0,013
= + '
£} o000 _ 0.07 ) - - i -
R 1.000  © 0.166 -0.164 -0.016
= ¢ + 4
S i 0.000 0.008 0.004 -
g 1.000 0.07° ~0.000 i
€ ! - ’ H
i !
s o 0.000 - ! -
P
o - . :
t :
" : i i
© . . H
O ' - :
: : , ! g
. ; : '
) ; : . . 1,000 i 0.203
@l . i : U
>t i H . +
g ! i b :
=! R - o : 0,000 0,001
T | ! 1.000
o . ‘ +
e |
I R A I N 0,000
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STA + ASFA  (3/4) e =718
Tr e T r T r T
" aig, . _sig, . ._8ie. sie, sig. sig. sig.
" habitu cruis crujanow  exinbath " daysuia  age (=a1)
.~ -n.08¢ ' 0.042 0.221 ; 0.024 0.034 :
;! i ! ‘
7 - - . 0,082 , - -
o -0.104 - 0.140 0.242 - =0.084 .=0,037
o
3; - - 0,032 i - -
m} =0.111 0.0%3 0.094 - 7.0.032 0.026 '
=3 ; ~ :
=i !
. - - - 1§ - - Il
«; 0.000 0,073 0.249 ; Z0.003  -0.063 |
L ! .
s i
! - - 0.028 ~ - -
i =0.059 0,060 0.235 0.032  : 0.009
=3 '
- - - 0.039 . - -
~ =0.095 0.109 0.173 : " 0.066 0.072
K ! :
o . ) .
= - 0,082 = = S : - -
~ =0.149 0.104 0.178 | ; . 0.100 0.106
2 i ;
i _. =..._.0.088 .Z_= — . 9 - -
x . =N.027 0.042 0.138 , 0.048 0.066
] |
C - - - . ; - -
o | =0.057 0.066 0.169 T . 0.088 0.004
S :
IR SO = i - ; -
g8 1,000 0.196 0.081 i =0.473  =0.4F2
2 + : , 4 +
£ _0.000 0.082 - ! . 0.001 : 0,001
Ly 1.000 0.072 i -0.070 i-n.082
£ :
o 0.0n0 - - i -
xS - 1.000 F=0,046 10,073
. +. : :
5 0.000 - -
5 : : : :
L . .
b ! i f '
. 3N : H H H
o : ! i !
f ' : !
i :
: !
= ; : ‘ ~1.000 0.691
1] H ! i i
> : : : X + +
= ! i ! 0,000 i 0.001
§ P {1,000
e! i ¢ i +
8, | ! | 0.000
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GB + AGP (3/4) 9 ¥ = 45
K3 Tr r T r ' T Tr T -
21z, L s8ig. __aie, sie. U atg. air. sig. :
| ' t . -
. habitu cruia cruianow exintatk . davguia age (=a1):
-0.236 ' 0.069 -0.026 ! 0.042 -0.076 .
: ' i .
i , ; - - :
-0.152 0.175 -0.066 0.00 0,010 i
i : .
) - - - : . - - E
-n. 103 n.064 - =0.064 : | " 0.101 -0.128 :
i i E
- = - i - - :
-0.130  0.085 .-0.036 i 20155 -0.098 |
-0.152 . 0.038 -0.012 o 0.095 -0.005
? - - - : - - -
" -0.161 0.077  -0.085 § 1 0.119  -0.034
{ 0,180 . 0.069 ~0.116 | C 0,116 0.078
i | :
. i - - - o - i : - -
‘| -0.231  0.066 T o0.106 ~0.198 0.109
2 - - - : .
e | -0,163 " 0,008 . -0.166 : 0,186 .-0.016
1 : . i
3 - - - : - ! -
—-B—-r--— . — ———— e —— e -—'--_ B e —
S 1.000 . 0.226 : 0.130 -0.252  .=0,301
+ ' '
o . i .
_i 0.000 . - : - i 0.096 i 0.044
g 1,000 - 0,128 ‘ -0.199  :-0.039
£i . + ;
bl . _0.070 - . i -
| 3 . .
g - 1,000 -0.067 0.27¢
p 1 :
e _ . 0.000 : - ! 0.066
5 1 i . . .
= . : ; :
) : ' : N
L. : H : l
- . ! ; |
- - : i - 1
i ! o
i . H i
! E | ;
H , : "ﬁ
: i ; | 1.000 -0.056
i : ; : +
‘__ T | 0,000 i -
] l i 1.000
H - ! +
i i I H | 0.000

'
t
5
i
:




SWE + ASWR

(3/4) J N =21
r r r r r r r
sipg. sir. sir. sig. siz. sig. 8ig.
habitf crfh erfhnow exinbath | rewhat davefh age (=A1)
_|-0.0%7 -0.037 0.°08 L0.229 0.095 -0.420
F- +
[
- - - 0.001 - 0.001
-0.039 -0.011 0.057 0,239 0.106 -0.403
o . +
- - - - 0.001 - 0.001
0048 0.023 0.047 L0, 155 0.193 -0.301
é +
- - - 0.022 0.005 0.001
~[-0.037 0.072 0.072 L0. 205 0.132 -0.417
= +
o - - - 0.003 0.056 0.001
o|-0.089 0,007 0,048 10,246 0.120 ~0.461
& +
- - - - 0.001 0.082 0,001
|-0.047 2,021 0:114 £0.240 - 0.089 -0.428
£ +
- - 0.n98 n,08i - 0.001"
| 0-009 0.0%4 0.021 L0.181 0.101 -0.348
S . +
a - - - 0.008 - 0.001
-0.040 0.017 0.022 L0117 0.166 -0.329
i . +
hs - - - 0.003 0.016 0.001
cl-0.024 0.065 0.052 _0.110 0.146 -0.361
< - Tos
- - - - 0.034 0.002
T
£| 1.000 0.266 0.045 0.089 -0.198 0.079
T
=} 0.000 0.001 - -
. 1.000 -0.028 L6.107
(]
b 0.000 - -
x 1,000 0.774
g +
]
&l 0.000 -
-4
ey
L
1)
[
[ ]
z 1.000
£
H
= 0,000
]
Q
>
.4
b -]
[ ]
B

e
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STA + ASTA ' (3/4) s N - 104
r r r r r r r
sig, gig, sip. sig. asin. sig, sig,
habit? erfh erfhnow exinbath | rewhat daysfh age (=A1)
~{=0-1n4 0.020 -0,088 -0.292 0.218 -0.023
&
- - - 0.003 0.026 -
-0.150 0.004 -0.166 -0,197 0,158 -n,188
% .
- - 0.092 0.046 - 0.056
] =0.N75 0,021 -0.053 -0.179 0,118 -0.163
<
- - - 0.070 - -
-0,02€ -0.047 -0.n23% -0.289 0.153 -0.210
p:
e
- - - 0.002 - 0.032
-0,042 0.055 0.083 -0,190 0.010 0,242
s
- - - - 0,054 - 0.013
| 0.053 0.134 0.160 -0.256 0.093 -0.246
‘;: .
-
- - - ©.008 - 0.012
-0.0%3 0,086 0.031 -0,239 0.17¢ -0.070
~
S
- - - 0.014 0,074 -
~0.184 ¢.03% -0.080 -0.067 0,166 0.035
3 .
0,062 - - - 0,092 -
-0.077 ~0.014 =n.108 0,023 n.164 0.056
£
L™
- - - - 0.096 -
<l *.000 0.143 0.120 L n_nes —0,440 -0.261
g .
<] 0,000 - - - 0.001 0.008
1,000 0.110 0.002 -0,005 -0.103
<
£ 0.000 - - - -
; 1,000 L0.254 0.024 -0.055
- i
5 0.000 0,009 . - -
-
L
1
[
®
] 7,000 0.001 0.091
Y -
H
£ 0,000 - -
' 1.000 0.360
3 .
: + +
< 0.000 0.001
1,000
© +
a1 0.000




GB + ACPR (3/4) d =32
r r r r r r r
sie, siz, sir. sig. sip. 8ig. sig,
habit? erth crfhnow exintath | rewhat davsth aze (=A1)
-0.291 0,243 C.154 -0.209 0.053 -0.346
=
LS
- - - - - 0.052
-0.532 0.007 0.021 =0,157 0,123 -0.004
o©
e +
| 0.0014 - - - - -
| -0.308 -0,052 0,054 -0.082 0.084 -0.274
&
0.090 - - - - -
-0,472 0.023 -0,022 ~0.043 0.233 -0.283
p A
[ 23
0.006 - - - - -
0,217 -0.122 -0.09% -0.243 0.181 -0.421
rs
he - - - - - 0.016 -
[-0.172 ~0,004 0.154 -0.103 0.159 -0.286
< .
b‘ .
~0.246 -0, 141 -0.116 0,063 0.124 -0.044
~
c - - - - - - -
-0.330 -0.036 -0.122 0.158 0.262 0.077
<
£
%l o.058 - - - - -
_[-0-733 0,077 0.007 0.149 0.097 0.152
£z
L)
§ *.000 0.149 0.200 0.289 LC.329 0.036
ﬁ +
£] 0.000 - - - 0.066 -
1.000 0.149 0.190 -0.213 0.156
£ .
5 ©.000 - - - -
5 1,000 0.085 -0,085 0.028
J +
5 0.000 - - -
ped
=
U
1]
N
- 1.000. -0.043 0.172
£
3
H 0.000 - -
\ 1.000 -0.147
-]
>4 . +
< 0.000 -
1.000
3 +
3 0.000
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SYZ 4+ ASTE

(3/4)

Q N = 327
r T r r r r r
siF., gie, sire, sig. sis. sig. sig.
habitf erth crfhnow exinbath | newhat davafrh aze [=aA1)
_|-q-085 0,013 -0.169 -0.067 0.190 -0.344
e + + +
- - 0.00? 0.082 <0.001 <0,001
-0.101 0.028 -N.168 _0.005 0.206 -0.290
2 + + *
i 0.071 - 0.002 0.090 <0.001 <0.001
w|-0.070 ~0.008 -0.206 L 0,110 0.178 -0.1336
f . + + - +
- - <0.001 0.047 0,001 <0.001
R 0.008 -0.196 L 0.034 0.171 -0.339
& + + +
0,090 - <0.001 - 0.002 <0.001
~0.051 0.030 ~0.17% Lo.084 0.113 -0.362
£ + +
~ - - 9.001 - 0.083 <0.001 -
<l-0.040 0.076 0,116 Ln.052 0.140 -0,326
£ +
o=
- - 0.036 - 0.012 <0.001
o|-0-034 0,091 0,126 L0.002 0.121 -0.285
= +
e - - 0.022 - 0.030 <0.001
-N,047 0.027 -0.077 0.036 0.141 -0,220
£ ' ' .

- - - - - 0.012 <N.001
-0.009 £.020 L0.113 0.028 0.068 -0.254
& : +

[
- - 0,043 - - <0.001
g 1.000 0.144 0.029 r0.078 L0, ¥10: -0.019
i
={ 0,000 0.009 - - 0.047 -
1.000 0.179 0.036 -0.046 -0.027
s +
Z 0.000 0,001 - - -
E 1,000 0.162 0.016 0.289
] + +
5 0.000 0.003 - <0,001
-
»
L
1
»
@
s 1,000 0.026 0.237
-E +
£ 0.000 - <0.001
N 1.000 0.245
5 + *
< 0.000 <0,001
1.000
© +
© 0.000
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SEA + ASTA (3/8) 9 N = 105
r r r r r r r
sic. sig. sig. sigz. Bizs. sig. sig,
habitt erth crthnow exintath | pewhat davsth age {(=A1)
_|-0.043 0.077 0,077 0.950 0.191 0.0M1
P -]
- - - - - 0.052 -
-0.066 0.115 N.013 0.020 0.147 -0.006
o :
" - - - - - - -
] -0.021 n.092 0.053% 0.004 0.126 -0.018
&
<|-0.016 0.137 0.019 0.040 0.167 -0.044
ks
- - - - 0.090 -
0,057 0.135 0.046 _0.145 0.066 -0.067
£
“ - - - - - . -
<| 0.006 n,138 9.072 _n.228 0.004 -0.133
£
- - - 0.019 - -
-0.072 0.158 9.043 0,171 0.118 -0.075
~
" - - - 0.082 - -
-0.000 0.144 0.0'3 0.011 0.077 -0.083
E
h . - - - - -
-0.002 n.129 -0.014 L 0.078 0.106 -0.059
£
u - - - -
=1 1.000 0,196 0.167 _0.003 -0.439 -0.447
=z +
HIER 0.045 0.090 - 0.001 0.001
1,000 n,324 0.006 ~0.204 -0.0%7
= )
L3l
s 0.900 2.001 - 0.037 -
5 +,000 -0.100 -0.141 <0.060
[}
5 0.000 - - -
-4
-
=
U
”
[ ]
- 1,000 0.154 0.125
£
[
H 0.000 - - - -
. 1.000 0.567
4 +
s 0.000 0.001
1.000
© N -
g 0.000




GF + AGP (3/8) g =46
r r r T r r r
8ir. aiz, sig. sig. sigs. sig, 8ig.
habitf erfth erthnow exinbath | newhat daysth age (2A1)
- -N,160 -0.072 =0.0886 -0,085 0.170 -0.280
5
. - - - - - 0.060
. -0.051 -N,117 -0,180 -0,185 0,008 ~0.181
P
- - - - - ) - -
" ~0.052 -0.046 -0, 145 -0.073 -0.187 -0.288
<
- - - - - 0.052
0.10% 0.035 -0.068 -0,063 -0.052 -0.257
z
- - - - - 0,086
~0.N%1 0.014 =0,069 -0,044 -0.056 -0.250
£ .
- . - - - - 0.094
o -0.094 0.059 -0,049 l-.020 -0.038 <0.296
&
- - - - - 0.045
~ -0.072 0.0£7 0,175 C.034 0.175% -0.316
S - - - - - 0.032
-0,022 0,018 0.312 -0.019 0.220 ~0.240
g 2. 21
- - 0.034 - 0.070 -
c 0.009 -0.0%7 0.129 0.087 0.273% -0.374
& : +
& .
- - - - 0,068 0.010
:‘ 1.000 ‘0,297 0,018 0,073 0,261 -0,306
Z
=i 0.000 0.046 - - 0.076 0.038
- 1.000 0,222 0,081 £.133 -0.010
& )
s 0.000 - - - - -
& 2,000 0. 151 0.140 0.126
[} -
5 0.000 - - . -
F=4
ey
-
U
"
®
: 1.000
£
H
£ 0.000
)
o
2
b-]
®
5
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Appendix C,3,




d.

SWT + ASWE (3/4) N = 207
r [ S Tr r Tr [r T T T
I sig. gir. sig. sir. sic. sig., sir. aiz, sigz. sig.
uiatl | uia2 | uia3 uiad ; uia$ niab ! uia7 : uiad via9
<| 1-000 | o.808 iﬁo.'ma o.noi 0.695 0.654 l 0.636 . 0.533} 0.519
bal H ‘ :
2l 0.000 | 0.001 ! 0.00ti o0.c01! 0.001 0.001 1 0.001 _0.001! 0.001
B i 1.000 : 0.85T| 0.788. 0.733° 0.663 : 0.726 . 0.559 ! 0.599
v ! ' ! . ' :
i | 0.000! 0,001: 0,001  n.001 0.001_ £.001 0,001 0,001
P ; {1,000, 0.783; 0.761 0.684 ; 0.729 0.547 . 0.575
3 : | : i i
3 ’ " 0.000! 0.r01' 0.001 0.00% ! 0,001 0.001) 0.01
< ’ i ! 32,000; 0,775 0.729 | 0.748 0.555 ' 0,675
- ! ; i |
3 ! ! i o.ooo' 0.001_0.001 i 0,001  0.001} 0.001
..2: i | I 1 1,000 0.752 ‘r0.752 . 0,571 | 0.606
i : ! i i : :
£k ; ! © 0.000 0.001 ' 0.€01  0.001; 0.701
vy i ; ; : 1,000 ; 0.762 0.551 ' 0,549
S | ’ ! : 1 '
2 : ! 0.000 - 0,001 0,001 0.001
! \ . 1.000 0,642 ;| 0.707
- : : ;
= : ; 0.000 0.001; 0.001
< j 1.000 | 0.732
< : ; i )
= 1 0.000 | 0,001
@ | : ! : ; ; 1.0
i ; i B H !
g S ! ! _? - ! i 0.000
=| 0.324 | 0.212 | 0.233 | 0,230 | 0.124 0.188 [ 0.194 0,148 ! 0.112
0.00f ' 0,002 . 0.001 | 0.001° 0.076 0.006 0.005 0.034 -
o' 0.193 ! 0,109 { 0.125 | 0.165; 0.033 0.116 °0.126 0.109 | 0.052
% 0.006 1 < 0.076: 0.018" - 0.096 0.070 - -
=, 0,130 - 0.071 j 0.076 i 0.125 ;-0.018 0.083 0.088 0.081 | 0.012
a: ; R : '
_. . 0.062 - - 0.076" - - - o -
«: 0.105 , 0,061 | 0.060 ; 0.1'05 | -0.045 0.070 0.062 0.062 |-0.014
: i i i : i
_j% = - = -t - - - - -
o 0-095 0.056 . 0.053 | 0.091 ;-0.062 .0.064 ; 0.056 . 0.049 1-0.034
E: : i . 1, ' l .
. 0.085  0.094 _ 0,148 | 0,099 ; 0.085 0.030 | 0.108 . 0.090 | 0.053
< o] i ; : !
L . - 0,033 ! - -t - - - -
0,066 ; 0.096 _ 0.142 ; 0,105 . 0.089 ;0,076 . 0.105 . 0.091 [ 0.057
<l ! Lo ; : : P
- - L___ .-_" 0.041 - - - ! - - -
| 0-043 1 0.089°70.737 © 0.697 . 0.084 '0.059 ;0.098 ; 0.083 | 0.05¢
P ! . : ! :
- - . 0,062 . - - - - - -
_£|-0.389 |-0.342 -0.326 ;~0.262 -0.216 0,266 :-0.267 -0.185 | -0.168
3 . .
&| 0.no1 | 0.n01 : c.001 0.001 " _0.00210.001.} 0.001 | 0.co8 | 0,015
«| 0.419 | 0.319 (0.326 | 0.265. 0.197|0.249 ; 0.246 | 0.169 | 0.154
E| 0.001 | 0.001 !0.001 0.0011 0.004 {0.001 | 0.001 | 0.015 | 0.027
Table C.5. Zero-order correlations and significance

coefficients: pigmentation, behavioural variables
and age. Significance level: 0.05. ¥ales and females
separate.
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SPA + ASPA  (3/4) d N=1718
Tr r i T Tr r Tr [r r T T
: sig. sir. sie, | mim. @ sip. sie., ' oir. siz. sig. sig.
uial | via2 ; uial uiad | uiab " a6 ’ via7 - uiaB | uiag
| 1-000 | 0.853 | 0.838 | o.ssvi 0.700¢ 0.603| 0.777 0.697 | 0.616
- i : H
21 0,000 | 0.001! 0.001: 0.001] 0.001 0.0011 o0.001 0,001 ! 0.001
S | 1,000 | 0.915 0.897| 0.711° 0.651: 0.838 0.745 ; 0.646
H H ' . .
3 ! 0.000! 0.001: 0.001' 0.001 0.001 C.001 0.001 : 0.001
3 ! 1,000, 0.907: 0.739 0.709. 0.830 0.746 0.653
: ; ! . i
> 0.000! 0.001' 0.001 _ 0.001' 0.001 0.001! 0.001
3 | ! 1.000§ 0.752 0.700: 0.835 0.693 ' 0.647
- ! i ;
3 ; ! o.ooo' 0.001 _ 0.001! 0,001 0.001 5 0.701
o i i l I 4.000° 0,906] 0.814. 0.648 | 0,593
- : 1 i : i
3 i ! : 0.000 ©0.001° 0,00% 0,001 ; 0.001
‘e : | i 1.000; 0,787 0.672 ! 0.641
ha ! ! : l :
7 f ; 0.000-  ©.C01 0.001} 0.001
5! : . 1,000 0,800 | 0.760
- . : - i
2 : ; 0.000 0,001 ;| 0.001
a: : v i : 1.000 ;| ©0.696
Q. ' : . : .
o] . H H : .
31 : i : : 0.000] 0.001
E; - i : i R ; 1.000
_f! i : i : ' i ;0,000
—:-o 260 | 0.240 | 0,292 0.197! 0.093- 0.101. 0.140 0.128 | 0.126
(=] : ' : : .
. 0,002 0.034  0.010 ] 0.ces - - - - -
ol 04253 ! 0.926 | 0.271 ] 0.189: 0.084 . 0.089° 0,132 0.304 | 0.097
_fg;_giqgg_j 0.046 : 0,016 : - - - - - -
©, 0.244 0.212; 0,255} 0,178, 0,075 0.076. 0.124 0.087 i 0.0
ar : : : !
_.._0.031 . 0.062 . 0.024" - - - - - -
E» 0.237 : 0.203 | 0.243 : 0,169} 0.068 0.067. 0.120. 0.077 | 0.050
K : . H H . .
. _0.037 " 0,076 : 0,033: -1 - -5 - - -
w, 0-231, 0.196 1 0.235) 0.162; C.064. 0.060; 0.118: 0.071 | n.036
N ] . '
) 0.043 ° 0.086 0,030 | - - - - - -
1 0.342  0.224 . 0.229{ 0.264 ; 0.208 0,183 0.1€2. 0.202 | 0.304
- H { H : .
< H - ' H
__..0.002 - 0,048 ' 0.044 ! 0.019 ° 0.068 | - - 0.076 | 0.006
«i 0.306 | 0.20% ; 0.215 ! 0.236: 0,178 | 0.163: 0.134: 0,184 | 0.283
< . i . . i . :
_.} 0.006 | 0,076 ! 0.060  0.036! - - < -] o.012
4 _" v T
:[ 0.262 | 0.175 | 0,192~ 0,200 - 0.139 | 0.133 ! oqe 0.158 | 0.252
0.020 ! - 0.092! 0,080° - -] o.026
E|-0.23t !-0.239 -0.305 |-0.167 -0.082 | -0, oqu -0, 131‘-0 162 |-0.140
= ! i
S| 0.043 | 0.036 ' 0,006 -’ - - ~ - -
w} 0.256 | 0.248 . 0.308 | 0.194 , 0.095 | 0.105: 0.144, 0.152 | 0.146
&l 0.024 | n.028 l 0.006 | 0.088 | - - - - -
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(5/4) | d

GB + AGP F=7
) ’ r r i r Tr I r T-r ' r Tr T T
sig, aip. sig. | sir. ! sip. siz. ' 8ir. aig. siz, sig.
uial | uia?2 uial uiad 'L uia% uiab ! via? uiag ! niaf9
o 1-00 | 0.862 7 0.882 | 0.8¢3 i 0.682 ¢ 0.713 | 0.360 .
- ! . ;
2| 0.000 | 0.00i-{ 0.001-. 0.00f ] 0.001 0.001- | 0.046
S } 1.000 | 0.8487 0.800]. 0.691:0.734 . 0.432
o : : : :
EH 0.000 | 0.001 | 0.00t! 0.00% 0.001. 0.014
| i 1,000 : 0,911 : 0.762 0.749 { 0,538
5 ; I . i
2 0,000 ! n.00¢! 0.00s 0.001 ! 0,001
3 i { 1.000; 0.804 0.729 : 0.530
-t ! ! t
- ! ! o.onol n.008_0.0m | 0.00
0 i I { 1.000: 0.692 | 0.422
L] : : ! ; i :
3 i ‘ : 0.000 0.70' ' 0.017
‘e § : ! 1,000 | 0.510
= : i l
? : - - 0,003
Eg ; . 1,000
= L 1 0.000  0.010 ; 0.001
<! : - : 1.000 | 0.751
<! ] ! ! ;
- ' : H !
31 ; . i o.ooo' 0.001
Q! : i i : i {1,000
f} i H ‘ . H . |
_: i ? ! : ! { 0.000
55-0.045 {20,257 1 ~0.188 | =0.078 | -0,199 ~0.245 .-0.336 -0.412 |-0.409
; = - - i - <! - _0.004 0,020} 0,022
1 i - ; "
23-0.035 {0,226 : =0.192 | =0.059 ; =0.163 =0.190 '=0,274 ‘=0.427 {0,403
_ =1 - - . - - - - 0.015! 0,024}
2-0.027 =0.196 | =N.192 | =0.042 ; =0.140 =0.148 '=0.229 =0.442 i-o.399
. . 1) . H
—_— - = - - - - - 0,012 i 0.026
« =0.019 ,=0,167 | -0.188 - =0.027 | 0,124 -0.118 -0.199 =0,455 | =0.397
— - = - -1 - - - 0,010 | 0.026
w =0.009 -0.140 © =0,180 | =0.012 ; =N, 114 =0,096 0,180 --0.466 | -0.395
3 : ‘ | ! : !
g - - - ! -! - - - _0.008 | 0.028
_1=0.280 ' =0.122 . 0,269 | -0,222: -0.276 -0.088 [~0.054 . £.005 |~0.197
< f 1 i ‘ = :
T IC0L277 0,731, =0.265 ; <0.224 T —1,278 =0.094 "5.046 =0.015 | 0.270
. ! . . .
< : : ! : i
T [-6.273 [20.919 7 IAT36T 70,225 . =0.279 1=0.008 [-0.038 ,=1.035 | -0.221
< . . :
E| n.090 ! 0.312° 0.178!; 0.129  0.2¢51 0.358 ; 0.45¢ ; 0.373| 0.413
= . .
- -1 n.088 -! - -1 0,047 | 0.010 ; 0,019 | 0.020
w| =0.063 [-0.287 } ~0.182 | -0.102 , -0.245{-0.307 |-0.403 ;-0.393 | -0.414
g - - o -] 0.094 | 0.024 | 0.028 | 0.020
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438

s7T + aswE  (3/4) 9 ¥ =319
r r " r r r Tr r Tr r r
sig. sip. sie. | sie., ' 8ip. - ®ig. : sir. ° s&ilz, siz. siz.

uial | uia2 uia3 uiad | uiab = uiab ?uia7 : uia8 : nia9

Dut

o] 1.000 | o.e62 i 0.844 : 0.791 0.721; 0.679| 0.623 9.592 | 0.576
-l ' i §
31 0,000 | 0.001 ! 0,001 . 0.00%'! 0.001  0.001] 0.001° 0,7Ct ¢ 0,001
sl i 1.000 i 0,202 ¢ 0.8511 0,792 0.777: 0.727. 0.687 i 0.433
- i f ! ‘ :
3. ! 0,000 ! 0.001  0.001° 0.00' 0.001- 0,001 0.001 ° 0,001
% ! i 1.M00 0 0.874 0,788  0.781: 0,736 0.703 0,643
bl X ' ! ; . H
3 1 H '
0,000 ! 0.001' o0.001  0.001' 0.001 0.001 ! 0.001
3 i ! 1,000 G.832 0.7G4: 0.728 O0.£50 @ 0.637
a ! ; ' ' i
2 : t 0,000! 0.001 _0.001! 0,001 0.001 | 2.001
o | ' | i 1.000; 0.339] 0.762. 1,694 | 0.633
’ 1 ! . .
- i ' i :
3 ! i _0.000 9,001 0,001 0.0601 i 0.001
el : ; 1.000: 0.769 0.727 ! 0,657
b t : | :
~i : 0.000: 0.001 0.001 ! 0.001
; : 1.000 0.842 { 0.788
Lo 0.000 0.001 | 0.001
Qi : v i . 1,000 | 0.860
[N i H i . H .
o} . i i . ) :
2 i ) i . : - 0,000 | 0.c01
e ; i i _ ' : i : 1,000
i H i . i i i
2 ? ? i ! : l ! 0.000
0.404 1 0,379 ; 0,367 ; 0.321 { 0,272 0,297 0,259° 1,322 | 0.325

H
1

0,000 0,001 ° 0.001 ! 0.001 0.001 _ 0.001 0.001. 0.001 0.001
0.187 ! 0.14R ©o0,148 0.128 0,102 0,132 0.12F: 0,174 0.164

0.001 0,002  0.008 : 0,022 0,068 0.018 0,024 0.002 ! 0.003

0,065 0.052 ; n.031 1 0,026 ; 0.013, 0,041 - 0.048 0.086 ! 0,069

mua L s ! pa

0.031 1 0,020 |=0,001 : 0,002 ; 0,011 _ 0,016 0.026 0.052 | 0.043
: i : . \

D'us

0.023 90.712 -<0.009 | -0.008 ; -0.016 . 0,010° 0,021 0,056 | 0.037
i i : .

b = e

0.048 0,081 . 0.0°0 i 0.094 : 0,057 0.060i 0.122: 0.248 | 0,259
: 1

| i :

- - - 0,004: - -: 0.030° 0.001 | 0.001

Duin

{ 0,060 { 0.084 ; 0.101; 0,104, 0,062 ; 0.070 0.126; 0.250 | 0.247
1 . . . . H
' | : . : ) : .
-} .= 0.074 0.064: - -! 0.024! 0.001 | 0.001
0.067 i 0.083 _ 1,106 - 0,104 _ 0.072 | 0.076  0.125; 0.242 | 0.234
- - 0,058 . n.064 . - -! 0.027 0.001 | 0.001
-0.260 1-0.251 =0.251 | 0,196 0,180 | -0.181 —0.127 -0.142 | -0.142

0.0M1 0.001 ° 0.001 0.001 " 0.001 0.001 0.024i 0.011 0.011

il g

0.451 | 0,427 @ 0.426| 0,368 0,318} 0.3 0.243; 0,322 | n.327

0.001 0.001 0.001 0.001 §{ 0.001 0.001 0.001¢ 0.001 0.001




SPA + ASFA (3/4) °
’ ! r r r Tr r | r ’ r T r T
c_sig. sig. ! sie. ' sie. sic. sig., - sir. ‘sig. siz, sig.

— .

! uiatl | uia? | uia3 viad | uia$ niab ' uia7 .. uiaB i via9
<! 1.000 o.ewli 0.808 ; o.'us] 0.783 O.677| 0.591 . 0.7T17| 0.683
-l H ! i 1
2! 0,000t 0,001 ! 0.001: 0.001| 0.001 _ 0.001] 0.001 ' 0.001 ! 0.001
3 ' 1.000 1 0.900 1 0.790| 0.806; 0.678 0.621 ~ 0.757; 0.725
. ’ } : ! :

3: 0.000 | 0.001 ' 0.001' 0.001 _0.CO1: 0.001 _ 0.001: 0,001
o 1,000 ° 0.767: 0.822 0.675: 0.684 0.79 _ 0.765
3 ; : 1 ' i

2 0.000 ! 0.001' 0.00t .0.701! 0.001 0,001 0.001
< i | 1,000 0.7€5 o.sezg 0.517 - 0.656 : 0.624
L) ! H ! i

3 : ! _0.000! 0.001 0,001l 0.001 " 0.r0' ! 0.rO1
9 | | | ! 1,000: 0,781| 0.728 © 0.766 | 0.747
3! ? L 0,000 0,60t 0,001 0.001; 0.001
‘:' g : i : 1.ooc§ 0.566- 0.657 ! 0.688
-~ ! s : i i

T ; 0.000- 0.001  N.001 1 0.60%
5! ; j 1.000 0.681] 0.581
vt 1 . '

= ; . ' 0.000  0.001 0.001

; : v i i . .
gi : ; i ; 000 | ©0.840
2 = ' 1
- i , + . 0.000 | 0.001
c ; i ; . .

z' : : l i ! 1.000
2 P f ! ! . : i f 0.000
~) 0,024 |-0.044 0,032 1-0.093| 0.039. 0.066 0.100 ' 0,048 | 0.088
gl ! : ! | X !

- - - - - - - - - -
o' 0.007 {-0.060 : 0.013 {=0.109; 0.021 0.057  0.079 ' 0.038 | 0.085
& T LT '

= =0.006 -0.,071; 0,001 !-0,119; n.009 0.053 0.063 0.032 | 0.080
& i 3
"< -0.015 [-0,078 | -0.006 ~-0.126 | 0.005 0.052. 0.053 . 0.029 | 0.077
g : 1 : : :

-~ - - - -t - - - - -
« -0.020 -0.082 ; -0,011 | -0.131; -0.002 . 0.052; 0.046 ; 0.027 | 0.074
g ; | ! ? . |

~: 0.034 -0.037 :~0.026 i-o.ossi 0.009: 0,072} 0.106 . 0.066 | 0.094
n ST R D

© 0.048 |-0.021 ; 0,043 | -0,042 . 0.031; 0.093, 0.105 ; 0.076 | 0.108
4 : ! ! ! : ¢

: - - - - o' i - - -

—_ .= i
m| 0.057 ;-0.009 / 0,053 ~-0.028. 0.047 0,108/ 0.106 ; 0.082 | 0.117
< : . ! :

- - - - _l . - - -
£]1-0.063 |-0.003 -0.086 ; 0,050 -0.091! -0,097!-0.154 .-0.081 |-0.084
=3 ' »

«) N.042 {-0,022 0,058 | -0.073 . 0.n6e| 0,080, N.127 | 0.063 | 0.088
& - - - -1 - - - - -
PR ‘ "4 " -
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GB + AGB (3/4) 9 H = 45
r r r r r Tr 1 r K r r
[ 3Y -8 sir. sig. sir. sig. sig. oir. aig. siz. sig.
uial | uia2 | uia3 viad uias ;‘uiué ''uia7 - uta8 ! uiao

5| 1-000 | 0.002 § 0.921: 0.921| 0.813] 0.810 l 0.831 . 0.722 | 0.717
3 ! ;
3| 0,000 ! 0.001! 0.001 0,001l n.001 0,007 | 0.001 0.001} 0.001
g - j 1000 0.9321 0.930} 0.855: 0.856 : 0.871 . 0.774 | 0.727

i : . H
3 t n,000 ! 0,001 0.001! 0,001 0.001 0,001 0,001 1 0,00
2 ! 1,000 0,952: 0.838 0,852 ; 0,856 0.782 0.772
o _ ; .

i : | .

s 0.000! ©.r01' 0.001 n.cnt P 0,001 0,001 0.001
3 i . 1.000] .0.901 0.887 | 0.895 0.809 @ 0.792
- | H i f
3 ! ¢0.0001 0.001 0,001 1 0,001 0,008 { 0.n01
" ' 1.000 . 0,804 | 0.870 : 0.751 | 0.793
C] : !
Ll H H H i . N
3 i ! ! ! 0.000 0.001 ' 0.001 _ 0.001 i 0.001
F : . . ! 1,000 ; 0,913 0,798 | 0.812
g E ' : : ! :

i = : 0.000 ‘ 0.001__0.001 @ 0.001
= ; ' 7,000 0,877 | 0.881
3 : : . _ !
= : : : . 0.000 _0.901 { 0.001
a! 2 R . : 1,000 | 0.892
Q! i : i - .

-t . . . N

3i : . : - 0.000 | 0.001
r} ﬁ i i i ; 1.000
kol i i ; i : !

= E : E ! i {0,000
~1 0,082 | 0,010 | 0,101 : 0.155| 0.095 . 0.11%; 0.116  C.198 | 0.186
L I -
~! 0.039 | 0.036 ; 0.081; 0.123; 0.079 0,103 0.140: 0.215 | 0.181
- ' :

£ ; : . : _ _

T 0,020 T 0,042 ; 0.059 ¢ 0.092, 0.057 0,082 0.142 0.213 ; 0.167
& : : '

T i 0.021 ; 0.042 | 0.044 . 0.072| 0.041 0.057 0.138 0.208 | 0.156
R s

T, 0.016 0.087 { 0.035 ; 0.0A1, 0.032 0.058. 0.135 0.203 | 0.150
2 : ' i : '

1=0.076 0,010 .=-0,128 |=0.098 ; -0,005 ~-0.034| 0.078. 0.10°

T 7257080 1-0.001 ,~0.127 ; -0.104 , -0.017 , -0.042  0.0€8 . 0,090
[ 1 : : ' ! ' '
= - - - - - -t - -

T l-0.083 16,071 260723 0,708 -0.027 ; 0,048 { 0.059 ; 0.072
< ! | :

—1 0014 10,08 =0.,068 —0.128 -~.044 { -0.072 | 0,020 -0.076
3 i : ! . i
a - - - - - i -
<| 0-023 |-0.040 |-0.099 | 0.140 _0.085 | O. 103 5056 | 0,745
3.0 1 o . |
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Gy

SWE + ASWE (3/4) d a2

r r r mr r r ]' r g r r 4

sig. sig. sig. | wsig. sig. ' sig. sig. + iz, sig. sig.

thi fh2 fh3 - fhé ms ;| fué £h7 fha £n9
~{ 1.000 | c.a08 c.moi 0.741 ) 0,727 0.728] 0.647 . 0.647 | 0.%%71
-z _ :
“lo0.000 10,001 0,001 D 0,201 | 0.n0r o.m0ilo,m01  near ! n.ons
o 1,000 1 0.810 § C.739 | 0.746 ' 0.700; 0.612 : 0.620 j 0.618
‘ » : .
~ 0.000 | 0,001 n,c01 ' 0,001 0.001' 0.001  0.601 ! 0.001
m N 0.759 I 0.764 0,710 0.664 0.687 ; 0.640
- : H '

0,000 1 nopot ! 0,001 0,00t 0,001 0,001 ! 0.001

- i } 1,700, 0,804 0.787 0.702 0.652 : 0.658
£ i I
- ! AN alalo) ' n.AMT A,cnrin.ant L 0.001 | 0,00
ol | ' | S 1,000 . 0.787| 0,653 . 0.675 | 0.628
= . H { )
bl i ‘ : 0.770__ 1.001! 0,001 0,001 | 0.001
<! i : - T 1.000 | 0.646 0.645 ! 0,628
&l ! : ? ! |

! ‘ - ; 7,000 0.00t 0.00% ! 0.001°
,_T : ! : 1,000 0,674 | 0.613
& : : ’ ; |

i i {0,000  0.901 , 0.001

H . : i ' } .
g ; | : ! : 1,000 | 0,772
- : 3 i l - 0.000 | 0.001
gl ) ¥ | _ : i : 1.000
S : i i ; ] | :

_— H : i ! : t 0.000
._1 0,095 ; 0,106 0,193 : 0.132 ! 0.120 0.08%; 0,101 0.166 | 0,146
("3 . i . : :

a: - - 0.005 | 0,056 0,082 - - 0.015 | 0.034
©i 0.007 : 0.032 , 0.090 | 0.058 | 0.057 0.003! 0.057 : 0.088 | 0.094
o . H ' “

n.=0.029 0,003 { 0.043 © 0.024 { 0.027.-0.0317 0.029 0.042 | 0.054
E : : ‘

< -0.039 :-0.005 | 0.02% ; 0,012} 0,015, -0.040; 0.013 0.018 | 0.032
E ] L )
@ -0.043 =0.009 : 0.019 | 0.005: 1.008:-0,043 0.002 . 0.001 | 0.015
3 ; . i : ;

-i=0.420 .-0,40% .~0,301 If-r‘.u'r 1 =0.461 -N,428{-0.348 -0.329 [-0.361
< o ’ : : ! :

__1.0.001 i 0,001 0,001 0.001° 0.00!: 0.001; 0.001 0.001 | 0.001
o 04350 220,355  -0.360 i-o.37q;-n.usl-n.mef-o.sn =0.307 [-0.3¢1
<! : . . ; : !

__ 1 0.001 | 0.001 | 0,001 @ 0.001! 0.001; 0.001] 0,001 : 0,001 | 0.001

-0.334 |-0.321 -0.337 -0.353  -0.379 -0.361-0.283 -0.291 [-0.326
n ) H '
- ' : 5 . :

0.001 { 0.001 0.00t , 0.001 0.001 0.0011 0,001 0,001 0.001
E1-0.100 1-0.118 "=0,136 |-0.144 <N, 156 | -0,104 {-0.06F =0,123 |-0,022
o~ ) . . i ;
= - | 0.087 : 0,048 | 0.036  o0.024 - - i 0,077 -

0.156 | 0.°'50 | 0,234 | 0.181 _ 0.172| 0.'50| 0.112 , 0.188 | O.114
™ i
S| 0.024 | 0.022 | 0.001 o.ooa{ 0.012| 0.0%0 - | 0.006 | 0.098




- SPA + ASPA  (3/4) d N = 104
r T l T —r T T [ T T T T T
sig. 8ig. 8ig. | sig. ' eig. ' wmig. ! mig. | sig. sig. | w®ig.
m1 2 fh3 . fhd | fhS5 . fh6 fh7 i fh8 | fh9
-] 1.000 | 0.707 o_.7o7i 0.739 [ 0.419 | 0.577] 0.£96 ; 0.634 | 0.574
P
Yl ~n.000 | 0,00t | n,702 0 0.001 | 0.001 ' 0.001] n.001 ’r.».oov 0.001
o~ 1,000 ¢ 0,729 ¢ 0,757 |_o.4sag 0,559 0.682 : 0.553 , 0.557
8 * H
- 0.000 ! 0.001 : 0.001 ' 0.001 0,001} 0.001 ' 0.001 i 0.001
m i 1,000 | 0.7323 0./02 0,581} 0.709 0.558 ; 0,490
L= . H ! . ) i
© 0.000 ' 0.001 ¢ o.001 o.001l 0,001 o0.001 ! .00t
- I i ; 1.000 , 0.580 0.570{ 0.674 0.549 - 0.549
£ i H 2
- | i o.oool n.007  0.c01! 0,001 : 0,001 | o.001
- | l {1,000 ° 0,589} 0.512  0.378 | 0.297
- i 5 0,000  €.001] 0.001 - 0,001 | 0.002
= ; i ! . 1.,0001 0.751 0.534 | 0,600
O : ' !
; : ! 0.000: 0.001 0,001 ! 0,001
”T. ' ; ; - 1,000 _0.755 | 0.732
:( . : l .
=i : : £0.000 0.001 ; 0,001
o : i i 1,000 | 0,772
= ‘ : : i
> : i ! : 0.000 | 0.001
[-d] | | . " ] f 1.000
& : : ; . : i !
Aol . i . H ] .
S S S 1 ! ‘ L i 0.000
;0,018 ;0,158 ; 0.118 ; 0.1537} 0.010 0.093 ; 0.176 - 0.166 | 0.164
- ' ! ! : .
Gt H ! . . H :
f; n.02¢ - -1 - - -70.074 0.092 | 0,096
o C.168 ; 0.179 0,076 | 0.082 ,-0.026 0,058 ; 0.122 | 0.158 | 0.142
Qt H ) i ! : i
a 0.088 1 ' - - - - - - -
. 0.152 70,712 70,065 ; 0.069 ,-0.028 _ 0.053 0.108 0.154 | 0.134
s | ; . -
 0.150 ; 0.116 | 0.066 ; 0,075 |-0.022 , 0.057 0,109 0.155 | 0.134
. : ! t : i :
S P A S
f 0,151 : 0.121 : 0.070 l 0.082 ;-0,016 : 0,063 ! 0,112 . 0,156 | 0.135
) ! : ; .
ci. - ' - -1 - - -i - - -
—i=N,023 -0,788 .-0,163 !.0,210 1=0.242 * -0,246 [-0.070  0.035 | 0.056 |
< ‘ : ! ‘ ! i
—_ . __ = : 0,056 - ! 0.032 0,013_ 0.012! - - -
,{=0.039 |~0,190 (=0,172 ;~0.230 } -0.230 | ~0.223 -0.024 io.oaz 0.059
- H , ) l : - ; .
4 .-lo.,054: 0,081 0.018' 0.018] 0.024 - - -
-0.054 }-o.aee "=0.181 -0.244 0,220 | -0.201 +0.099 ' 0,045 | 0.055
"y H X : H
< | L . ;

1 0.056 __0.068 , 0.C12  0.024 | 0.042 - - -
£}-0.281 |=0.215 ~=0.252 ;~0.324 . -0.148 | -0.214 =0,255 -0.152 |-0.171
- ‘ : ! . : i
~| 0.004 | 0.029 ; 0.010 ' 0.001% - 0.009 , -] 0,084
w| 0.268 [ 0,199 . 0,186 | 0.261 0.003 | 0.159 ! 0,237 ; 0.155 | 0,175
a i i
S1 0,006 | 0.04a l 0.058 | 0.008 | - -l 0.016 L -1 o0.081

R e P
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, GR + AGB (3/4) 4 T = 32
- T T T ‘l F T T T ﬁ‘ T T T .
sig. sig. sig., ' 8ig. ! sig. ' sig. sig. + sie. aig. sig.
fB1 2 fh3 . fhé { ftn5 | fn6 | fm7 i B | m9
.| 1.000 | o0.582 o.s4ai 0.649) 0.313 ‘ n.497 | 0.649 ; 0,410} O0.444
g - . !
*l o.000] 0,0m 0.001. 0.001 0,022 0.0N3 | 2,001 9,019| 0.010
o 1.000 © 0.723: 0.763| 0.316 : 0.691 ; 0.677 ; 0.486| 0.382
F ¢ H ©
& 0.000! 0,001 0,001 0,078 n.001 ! 3,701 0081 0.029
o ; 1.000 o.ez}i n.284 0,729 | 0.656 ' 0.513; 0.374
- : ) :
" o.000! o.o0t - ~,0ctl A0 p.on2| 2034
- i i 1.000, 0.388 0.697 | 0.702 0.521  0.374
F- H
- l i o.ooo! n,028 0,001} ©,001° C.002| 0.034
N | | l {1,000 : 0,169 | 0.182 0.263 | 0,257
“ l ’ ' . 0.000 - - - -
© i R i £ 1,000 | 0.572 . 0.293 | 0.191
- i : Yo
— : - 0.000 i 0.CC1 - -
. ) g . 1.000 0.696 | 0.643
& . ! : l
i : . : ‘0,000 0,001 0,001
1 . T
© i i i : i 1000 | 0.866
& : i | i 0.000 ] 0.001
Z : ! ! 4 : i i T 1,000
s ; i ! ; i ] :
: ! H i ' i n.000
..; C.053 | 0.123 ; 0.084 | 0.233 ! 0.181. 0.159 | 0,124 0,2F2 | 0.097
TS N N S i
o! 0,039 | 0.132 | 0.051 | 0.245 ; 0.154 © 0,176 0.091: 0,181 | 0.027
ai ' ' ‘ o :
= = - - - - = - -
w 0,027 - 0,145 | 0,034 | 0.249 ; 0.138., 0.188  0.070 0.132 [-0.017
L] H 4 } . .
ol - — - - - -, - - -
i 0-020 | 0.164 | o.oxc'f; 0.253 | 0.131, 0.198: 0,063 0.106 |-0.040
= R B b L. - - -
© 0.018 ; 0.186 | 0,036 | 0.260 | 0.131: 0.208! 0.064 . 0.094 |-0.049
i i i l ' i
' - ! - - | - - - - - -
~i=0.346 :-0.094 .-0.274 i-n.;s} 1 =0.421 0,286 | <0.044 0,077 | 0.152
-<; ¢ . i
:‘__9.052 : - - - . 0,018 - - - -
{=0.344 =0,115 . =0,289 ;0,301 ' -0.403 | =0.310: -0.075; 0.954 | 0.135
2' : | H ' ! '
! n,054 - - - - -1 - - -
T l-0.%42 120,136 " 70,307 —0.317 -=0.386 | =0.332 | <0,105 - 0,030 | 0,117
oy ! : : i
= - - 0,096 ; 0.078 " 0,028 : 0.064 - - -
S{-0,010 |-0.066 '-0.118 [-0.079 =0.171 | -0.106 | ~0.123 -0.360 [-0,173
b . '
= - - - - - - 10032 ). -
X 0,050 0,107 0.119 0,184 0.200 | .0.136 0.149,; 0.356 0,169
L)
- - - - - 'L - - -] n.044 -




444

SWB + aswz (3/4) ‘Q A ¥ 327

- T T ro T r ¥ T T r T T

sig. sig. sig. siz. ' eig. ' weig. sig. | wsiz. sig. eig.
fn1 h2 fn3 ; fhé | fn5 | fhé fn7 : fb8 m9
~| 1.000 | 0.820 o.azai -0.768 | 0.715{ 0.697} 0.618 i 0.590 | 0.567
= i
Ml o000} 0.001] 0.001: e,001] 0.00"- 0.001] 0.001 "' o0.nr01! 0,00
5 " 7000 0.846 ; 0.810|. 0.740' 0,736; 0.683 : o.sui 0.583 -
-1 : i 1 .
~ 0.000! 0.001- 0.001: 0.001 0,001: 0,001  0.001! 0.001
.3 T 1.000 0.843 ! 0.762 0.743] 0.686 0.63° | 0.573
L . ' 4
" 0.000' 0.001' 0.001 0,001 o.ony 0,001 ! 0.001
- i 1.000; 0.802 0.709| 0.626 0.607 @ 0.549
= i .
- | o.oooi 0.001  0.001] 0.001 . 0,001 | 0.001
- i I 7 1,000 0.799] 0.660 - 0.542 | 0.487
& : : : :
- 1 i ' ' 0.000 0.001! 0.001 0.001| 0.001
v i i | 1,000 0,692 0.620 ; 0.541
g ! , , ‘

. : : i 0.000° 0.001 0,001 | 0,001
o - : T 1,000 - 0,692 | 0.609
= ) : : . . H
" 2 E 2 ; £ 0,000 0.00° | 0.001
gi ; | : ~1.000 | 0.690

i :
> : : ! 0,000 | 0.001
g : ] ! : i 1+000

4 : ’ i i . ! i 0.000
~i0.190 10,206 : 0.178 ; 0.171 ! 0.113 . 0.140! 0.121 0.141 | 0.068
u! f i ; ’ ; . 3
R n,001  0.001} 0.001 ! n.002 0.044 ! 0.012' 0.030 0.012 -
qvi 0,079 170.095770.071 | 0.069 | 0.032 | 0.056 ; 0.035:0.012 [-0.019

A ; : o -

= 0.090. - - - - - - -
. 0.015 0,025 ; 0.009 | 0.008 ;=0.011 . 0.006 :-0.018 =0.051 (-0.064
= ; | : " -

T -0.003 | 0.006 {-0.008  -0.008 |-0.022 .-0.008 , -0,033 ~0.067 |-0.075
I R S A R D R
£ =0.007  0.001 ;=0.012 {=0.012 {=0,025 .=0.012 | -0.037 ~0.070 |-0.077
=% : ; ; ! .

' - - - - - -y - - -
~i=0.344 -0,290 ;-0.336 1-0.339 :-0.362 - -0.326 | -0.285 -0.220 |-0.254
<] . o : X i :

! 0,00: : 0.001 0,007 i 0.00* . 0.00:: 0,001; ©.001° 0.001 | 0.001
|-0-297 (-0.247 -0.285 ;-0.284 ;-0.305 | -0.279 ; -0.254 ~0.200 |-0.238
< : ! : ! !

__; 0.00% | 0.001 : 0,001 @ 0,001! 0.001. 0.20t] 0.001: 0.00% | 0.001
|"0+255 (70,210 -0.241 1-0.239 :-0.258 10,240 | -0.225 ;~0.183 [-0.219
“! 0.001 | 0.001  0.001 : 0.001  0.001| 0.001] 0.001 0.001 | 0.001
é -0.104 |-0.083 '=0.122 {~0,003 . ~0.0"7 | -N.063 | -0.033 -0.077 (-0.003
"l 0.060 | . - : 0.028 ! 0.096 "  0.782! . - - -
«| 0.193 [0.188 © 0.188 | 0.170  n.132| 0.133, 0.105, 0.155 | 0.063
8| 0.001 | 0.001 | 0.001 | 0.002{ 0.016 | 0.016] 0.060| 0.006 -




445

SPA + ASPA (3/4) ? TH =105
r r r ; r ' r r T T r T r
six. sig. sig. ' oig. sig. sig. sig. siz. sig. oig.
1 rh2 fh3 : fb4 | fnS mé | tm7 i B8 h9
<} 1.000 | 0.7 o.737i 0.760 | 0.706 | 0.703} 0.761 ; 0.695 | 0.542
rS I
“| 0.0 1 0.001 | 0.001: 0.001| 0.001 0.061] 0.001 ' 0.001 1 0.001
o 1600 7 0.847 ! 0.856 | 0770 0.729; 0.815 | 0.750 j 0-69
- H i ! :
& 9.000 ! 0.001 0,001 0,001 0.001: 0.001 ' 0.001 ! 0,001
= i 1.000 ; 0.851: 0.770 0.720; 0.823 0.T11 | 0.738
& i i !
0.000 i 0.001' a,n01  o.ont) 0,001 0.001 | 0,001
- © 1.000, ©.803 0.757] 0.807 0.761 : 0.690
£ .
> : 0.000| 0.001" 0.001] 0.001 ¢ 0.001 | 0.001
- | l 1,000 ; 0.789] 0.788 _ 0.-96 | 0.621
& . ! i
s i : 0,000 0,001} 0.001 . 0,001} 0,001
<! 0 ] : 1,000} 0.865  0.736 ! 0.714
&l ! ; ! ' |

_ : : : 0.000: 0,001 0.001 ! 0.001°
i - : ~ 1,000 - 0,849 | 0.809
&l ) s : ) ’

‘ : : : ! 0.000 0,001 | 0.001
- ; e - - : 1.000 | 0.80%
<l ; ; ! ; * :
- : ! ' i - 0.000 | 0.001
ol : | i : i i T.000
£ . : ]
ol : ! ; : ; ‘ :

— : : : i : i 0.000
,.; 0.191 | 0.147 : 0.126 | 0.167 ! N.066 . 0,004 0.118 . 0.077 | 0.106
a: ; ‘ ; B S
Al 0.052 ' - - - - - - - -
&! 0,090 (0,031 [ 0,014 | 0.044 ; -0.062 ~ -0.070: 0.011 i-0.038 | 0.021
a. : R H :

. 0.033 -0.024 ;-0.037 ;-0.013 ; -0,105 . 0,107 =0.042 0,086 |-0.030
g o i : ‘ _

—': 0.008 ;-0.046 |~0.05T ;-0,037 ; =0.115 , -0.123 :=0,063 -0.105 |-0.055
S T S R S . .
p —0.004 -0.056 :-0.066 ;~0.048 ; ~0.117 , -0.132;-0.074 -0.113 [-0.069
& . ; i . :

- - -1 - - -! - - -
~i 0.011 .-0,006 . -0.018 |-0.044 ; -0.067 -0.133-0.075 -0.083 [-0.059
< ’ ! | ! P .

; - - - - - -t - - -
e+ o -
o| 0-019 ;0.004™ -G.014  -0.037 ; —0.046 | —0.096 ,-0.081 ;-0,048 [-0.025
< : ' : $ . H
! : : -t - - - - -

" [ 0.024 ! 6,012 20,003 -0.021 _ -0.033 | -0.072 [-0.020 0,024 |-0.003
5{-0.046 1-0,070 ' -0.040 :-0.125 -0.022 | 0.060 |-0.011 _i-o.osz T0.041
b : .

- - - - - - - - - . -
X 0,182 | 0,181 0.164 | 0,218 0,142 0.014 | 0.136 ; 0.133 | 0,088

.. 1
E| 0.063 | 0.066 | 0.008 0.026 { - - - l - -




446

_ T aBe acrT  (3/4) ¢ T mass
r T T —r ’ T T T T F T T
9ig. sig. sig. l sig. | sig., ' wsig. sig. | sig. sig. | e1g.
fh1 fh2 fm3 : fhd | fAS | fhm6 7 £h8 19

-] 1.000 ] 0,733 ] 0.536; 0.711 o.szai 0.596| 0.642 . C.430 | 0.456
& ! .
~l o0.000| 0.0011 0.001! 0.001] 0.001 o0.00°| a.00* ' n.oc2l 6,00
o - ] 1.000: 0.763-} C.7491 0.673! 0.600; O.604 i 0.360 | 0,260
= 4 i H : :

- o.000! n.00t! 0,000 0,00t 0,001 0,001 0,076 0.081
- ; 1,000 0.677: 0.683 0.,605; 0.586 0.334; 0.274
-~ ! o : ’ i
i 0.000°' £.001° 0.001___0.701 0.001 - 0.023! 0.066

- ¢ 1,000, 0.741  0.685] 0.649 0,487 ! 0,410
Z i : 4
v | ; o.o«\ol 0.001_ 0.00:| 0.001 : 0.001} 0.004
- | . 1.700; 0.737] 0.703 . 0.462 | 0.414
: N H ! 1 ® ~
- i ‘ i 0.000 0,001 0.001  0.001] 0.004
< : i | ; . 1.000i 0.609 . 0.487 | 0.399
= ! : : : : | ! .

; . ! 0.,000: 0.00% 0.001 : 0.006
= : ; i . 1.000 ° 0.7677; 0.755
ai : : : .
i i f : ! 0.000 ~ 0.00% { 0,001
ol i : i i 1.00C | 0.784
=i - i . :
&! X : i v 0.000 | 0.00T
ol X ! | H i 1.000
= . H i ‘ .
- ' ' i | !

| - : ! i . : i 0.000
~j 0-170 | 0.008 =0.187 ;-0,052 ' -0.056 . -0,038; 0.175 0.270 | 0.273
=3 1 ! ! : ) P . !

e - - - - = - ~__0.070 ! 0.068
o! 0.124 | 0.003 ;=0.201 |-0,081; -0,092 -0,003; 0.16@ ; 0.186 | 0.187
8. i ; : :

- - - - . - - - - - -
. 0.089°" 0,003 $=0.195 1-0.096, -.107 '-0.118 0.05¢ 0.132 | @.131
Ej _ _ ! ->‘ -: _ . -. _ . _

T _:70.069 | 0.005 j=0.18% -0.103 [ ~0.113 0,128, 0.035 0.105 | 0.102
o ' I ! ' i
= - - - -1 - - - . - -
y 0.059  0.007 [-0.178 ; ~0.106 { -0.115  -0.137! 0.026 0.09 | 0.088
= : ; ] : . !

. - - - - - -t - - -
~i=0.280 .-0,181 . -0,288 5-0.257 : =0.250 =0,296{~0,316 =0.240 [-0.374
<i ’ ! . 1 i ) i : .

{ 0.060 : - 0,052} 0.086 0.094  0.044: 0.032 ' -] o.010

- =0.283 1=0.785" -0,285 ;-0.254 | -0.254 | -0.309 =0,320 ,-0.247 [-0.373
<i ' ‘ i ; [ ! .

_ i 0058l - 0,05 0.,0e8' 0.088! 0.037} 0.030 -] 0.010
| -0.284 120,186 " =0.279  =0.247 . -0, 25F ! =0,317]-0.321 !-0.252 [-0.370
= P : ' P :

0.056 - 0.061: -. 0.086; .032} 0.030 " 0.992 | 0.013
S{=0.205 {-0.035 ° 0,058 : 0,026 - =0.056 | ~0.1171-0.330 -1.408 | -0.403
[ o] . ! . !
. - - - | - - -1 0.024 | 0,004 | 0.006
X 0.203 | 0.020 i -0.134 [ ~0.011 =0,000| 0.042 | 0.263 | 0,355 | 0.357 ]
L) { '
8 - - - - - —| 0.080 | 0.015 | o0.014 ) i




Rppendix D.1
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N = 207 . SWE + AZWZ (3/4} J X = 235 _ = o
= 0.99 (Pehav. only) F =207 m = 0,08 S8% ¢+ 45
B Beta SE P ? B ABe‘I:a SE ; P | B te SE P r
C . R s® !
R aB®  sg ¥ P R r R R__SE P . p
Dulg ;9,025 0.213 1.366°33.630 <0.001 ' Dulg 8.669 0,402 1,358 40,762 <0.00}
' 0,419 0.175 4.332 43.563 0,000 . 0.413 0.175 4,332 43,563 0.000
3 _ a1 32ex10 0.090 0,025 2.082 -
At ;0,030 0.083 0.025 1.716 0.453 0,008 4.273 17,506 0.000
| 0.427 0,007 -4.324 22.715 0.000 :
I i : o i"Habitu -1,582 -0.154 0.647 5.979 -0,05G
Habitu | -g-ggg -g-;g? 2-:;? 12-2'1’3 ‘g-g(‘)g ' 0.444 0,027 4,264 25,085 0.00C
* - ‘ . - " Cruis
Crvia -0,270 -0.021 0.859 0.099 = i
| 0.204 0.000 4.740 5.039 0.007 | :comstant | 15.687
i
comtane! 13.875 | 35.667 I
.
.
; l _
. : - L \ .
Duin -170.598 -0.210 55.547 9.432 <0.010 i Duin 279.177 =0.221 55,764 10.324 <0.010
i 0.216 0.047 4.570 10.031 0.002 ' } 0.216 0.047 °4.570 10.031 0.002
P P22 209210°° 0.084 0,006 1.520 -
2 5433::;;2 g.geo'? 2.0(612 1.622 - - 0.247 0.006 4,558 4.390 0.005
P -007 4.564 5.781 0.004 | . A (. Habitu | -0.691 -0,06° 0.696 0.983 -
Babitu ~0,546 -0.054 0.690 0.625 - -0.703 ~0.070 0.673 1.093 - 0256 0.005 4.558 3.538 0.008
0.238 0.003 4.568 4.056 0.008 | 0.093 0.009 4.751 2.039 0.155 Cruia
Cruia y . - - ~1.160 -0.0%0 0.859 1,823 - 5 -‘?79!10"-0.096 0,000 1,020 -
l 0.128 0.008 4.743 1,935 - ) 0.234 .0.008 4,562 5.872 0,003
Du ‘ C : .| constant ! 42.578
Constant- 42.453 . : 41.629
Tuin L105.,728 -0.170 43,281 5,067 <0.050

Tein  L1071.661 -C.1F4 22,0985 '5,503 0,050 . i
"1 0,168 0.078. 3.526 5.948. 0,01f ‘ ' 0.168 0,028 3.526 5.%48 0.016

~&

! e 12 20021 0.054 0,000 0.605 -
) 207210 " 0.056 0.000 O0.648 - - 0.1284 0,003 3.533 2.362 0.072
N M g N o n
i 0.176 0.003 3.522 3.2€7 0.04 Fabitu | 0,372 -0.04F 0.541 0.473 -
; ) a o023, .885 0.
Babitu | =0,303 -0.030 0.534 0.325 - -0.275 ~7,035 0.533 0.266 - 0.13¢ 0.002 3.538 1.885 0.114
.} 0.18" 0.002 3.535 2.273 0.081 | 0.,05¢ 0.003 3.766 0,777 0.379 | |Cruta
! .
|Cruta | -0.21¢ -0.091 0.681 1.822 - Dus 46421077 -0.060 0,000 ©.726
- [ ' 0.105 0.008 3.760 1.301 0.274 0176 0,003 3.320 3.297 0.040
1oL i ' . Constant | 65,680

Constart i 66.583 £5.927

Tadble D,1. The regression of pigwentation on age and
the bdehavioural variadles. Pilters no. 1, 5 and 9,
Paraveter specifications (n,?,T): (14,0.01,0.99),
(80,0.01,0.,001) and (14,0.01,0.95), Puul steps.
Males .nd fema’es separate.
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¥ =70 SPA + AS®PA (3/4) Jd E = 112 i F =78 STA + ASTL
T = 0.99 (Behav. only) | T =0,9
] Bete 6 P P B Beta BE P P P Beta S® r ;
R » SE » -
P R R SE P P 2 R SE P P
A1 0.188 0,30% 0,067 7.792 <0.050
Al 0.207 0,341 0,066 9,841 <0.010 | ©0.322 ©.117 4,237 10,096 0.002
0.342 0,117 4,237 10.096 0.002 Cruianow -0,940 —-0,024 4,%00 0,049 -
. . 0.380 C.001 4,25 .073 0.0
‘Cruianow | -1,340 -0.034 4.296 0,097 - -0,687 -0,024 4.661 0.022 - -0-38¢ - 4257 3.073 o
0.344 0.001 4,262 5.037 0,009 0,226 0,000 4.631 1,943 0.127 Fabitu ~1.717 -0.166 1,161 2.186 -
0.378 0.025- 4,203 6,238 0.003
{ Habitu ~2,398 -0.223 1,015 5.579 <0.050 Cruia 0.538 0.030 1,992 0,073 -
0.219 0.048 4.596 5.526 0.021 0.372 0,001 4.229 23.33¢ 0,000
Cruia 1.013 0.056 1,705 0,353 - Constant | 27.917
0,225 0,003 4.610 2,92% 0,058
Constant 26.207 32.085
A1 0.122 0.208° 0,067 3,344 - A1 0.114 0.194 0,069 2,762 -
0,208 0,043 4,274 3.425 0,068 0.208 0.043 4,274 3,425 0,068
Crutanow | 1.413 0.037 4.362 0,105 - 1,908 0.041 4.415 0,187 - Ot | o0 4 3t 1 i3om 0.378
0.211 0,001 4,290 1,749 0,181 0.228 0,002 4.386 1,974 0,122 ‘ : i : i
. . Cruia -0,369 -0,021 2,032 0.033 -
Crvia -0.556 -0.032 2.003 0,077 - 0.368 0.021 1.615 0,052 - 0.226 0,000 4,343 0.977 0,425
0.213 0,001 4.326 1,177 0.324 0,224 0.000 4,370 2.890 0.060 Rabitu 0,755 —0.075 1.184 0.406 -
0,221 0.006 4,200 1,917 0,154
Habitu 2,324 =0,227 0.962 5.836 <0.050
. 0.224 0,050 4,351 5,783 0.018 Constant 34.895
Congtant | 34,139 38,415
A1 0.173 @.313 0.061 8.155 <0.010 a1 0.173 0.313 0,061 8,155 <0.010
C.304 ©€.092 3,907 7.726 0,007 0.304 0,092 3,907 7.726 0,007
Cruia 2,200 0,133 1,812 1.474 - 1.078 0,067 1.495 0.520 - Cruie 2.200 0,133 1,812 1.47¢ -
0.331 0.097 3.895 4,606 0.013 0.245 0.004 4.047 3.492 0,034 0,331 0.017 3,896 4,606 0.013
Cruianow 2.320 0.06 LO4F .34F -
Cruienow 2,320 0.055 3,945 0,346 - 2,269 0.052 4,086 0.308 - 0.;37 0.002 3013 gz;o 0.030
0.337 0,004 3.913 3,159 0.030 0.251 0.003 4,060 2.416 0.070 S ‘ o
Habitu
Habitu -2,327 -0.245 0,890 6,834 =0.010 ;
. 0.237 0.056 4.038 6.515 0,012 Constant | 55.721
Constant | 56.721 62.558 i
1
} Table D.1. The regression of pigmentation on age and

the bdehavioural variables. Pilters no.

1y 58!1(’ 9,

Parameter specifications (n,?,7): (14,0.01,0.99),
(80,0,01,0,001) and (14,0.01,0,95). Pinal steps.
Y¥ales and fema'es separate.




A1

Cruia

Habitu

Du2

Constant

Duin

Habitu

Cruia

Constant

Tulg

Habitu

Cruia |

A3

Constant

!
|

« 768 -
2.469 0.127

1.205 -
1.845 0.177

01 0.295576.928 " 2.769 -
95 0.087 4.388 2,769 0,107

-=8,643 -0,413 3,534 5,982 <0,050
C.41

e EL? 0.9
b4 TBete
R v

-0.371 -0.297
0.280 0.079
2.816 0,196
0.341 0.038

42,835
0,0
0.2

36.701

-414 0,171
85,101

3.165 5.982 0,021

Table D.1,
the behavioural variables. Pilters no.

The regression of pigmentation on age and

1, 5 and 9.
Parameter specifications (a,P,T): (14,0.01,0.99),
(80,0.01,0.001) and (14,0.01,0.95), Pinal steps.
Males and females separate.

450
5/4) d ¥=37 ¥ - 3 6F + 48T
(®enhav, crix) ! T = 0,08
B Reta SE P T i TRetg 57 v B
R R ST r r X X SE P )]
EH
Fan -0.380 -0.304 0.220 2,753 -
C.G79 4,789 2,4R° 0,127
Cruia 0,188 2,639 1,049 -
2.157 0.157 2.3%86 0.817 - 0.032 4,772 1,846 0.177
0.156 0,023 4.856 0.425 0.657 | |REabitu
=-0.597 -0.063 1,637 0,133 - -
0.031 0.001 4.844 0.033 0.856 | |D2 -276x10 "-0.052 C.A°G C.0RO -
Q. 5.003 4.8%1 1,217 0,727
Consgtant '
35.520
Duin 0.282597.574 2.350 -
0.087 4.328 2,7€9 0.107
Fabit:
0.932 0,108 1,506 0,383 -
0.120 0.014 4,410 0.511 0.480
Cruia 0.0c8 2,435 0.138 -
0.764 0.061 2,195 0.121 - 0,005 4,455 1,812 0,260
0.134 0,008 4.467.0.310 0.736 Constant
40.490
!
i
Duls -C.242 3,508 6,922 <0,08C
G.171 3,185 5,982 0,021
Fahity
0.722 0.110 1,127 0.410 -
0.143 0,020 3,337 0.726 0.400
Cruie 0.172 1,F5% 1,085 -
1.530 0.160 1.643 0.868 - C.028 3.027 3.74° 0.C23
0.211 0.024 3.343 0.795 0.460 | |,3 S0.T1E 0.0e 3.6 -
c,085 3.0?2 5,085 0,017
Congtant
63.992
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K = 310 SWE + ASWF (3/2) ¢ Fo= 364 : ¥ - 71C SWE + ASTT
T =0.9 {2ehav. only) e - 6.9t
T Beta SE 4 P f te SE 4 F ® Rete S§2 T P
. B R SE » P R 3 sE ? r - 2 e > -
’ B . b o = a 137 Y4
Dule 9.864 0,443 1,117 77,970 0,001 : e "Ri51 0505 4.50 80,110 01008
0.451 0,203 4,506 80,710 0.000 . TesHl becks Ge095 . o0
. Habitu -1,496 -0,091 0,€25 3,288 -
Habitu  =1,401 -0,0090 0,825 3,271 - -1.237 -0,083 0,786 2.476 - 0.45C 0,008 4.49C £2,227 G.000
.430 42, .000 .e2 . . .5 5 - <
0.459 0.008 4.4930 42,227 0.00 0.03€ 0.010 4,947 3.536 0,051 S 1AT1 0.FC 1,326 1,095 -
Cruiarow 1.846 €.070 1,325 1,841 - 2.471  0.0%3 1,410 3,070 - 0,460 0.005 4.423 26.883 0.000
0.465 0,005 4,433 28,883 °0.000 0,163 0.008 4.916 3.293 0.021 Craie
Cruie —1.117 0,111 0,540 4.252<0,050 PRSI -
. Al -122x10  -4,0I% N,015 0,477 -
C.13€  C.0C9 4,932 3.386 0.035 C.A7F CLOCT 4.427 21,745 0.ADC
Al Conste~} 15,271
Constant 15,294 : 36.747
Dulg 6.749 0.316 1,131 35.640 < 0.001 Dulg £.818 0,310 7,14C 33,189 «G,001
0.318 0.101 4.582 35,735 0.000 2,217 0,101 4,592 35,735 £.00C
Habitu -1.807 =0.714 (.338 4,630 0,050 =1,992 —0.137 0.761 €.769 -0,010 | 2pitu ‘,f);;; 'gllg 284‘& 23';"53 o
0.332. 0,013 4,556 20,787 0.000 0.144 0,021 4.748 7.703 0,006 : s ETeIEE M
Cruia .217 0,023 0,737 °iEn o
Cruia -0.43% -0.045 0,522 0,698 - 0,339 0.00C 4,552 13,607 0,000
0.15¢ C.032 4,750 4.174 0.0%6 Oruianow | -0,161 0,006 1,372 0.014 -
Cruianow 0.325 0,013 1,364 0.057 - 0.33%  0.007 £.7€0 10,177 0.000
: 0.15%1 £,000 4,756 2,794 0.040 Constart | 29,149
Congtant  20.353 44,178 '
\
Dulg 6,020 0©.318 1,005 35,800 - 0,001 Tuip 5,330 0,282 1,001 28,347 <n,n0y
0.327 0,107 4,048 37.902 0.00C 0,327 0.107 4,018 37, ¢, 000
Fatitu -1,025 =0,077 £.727 2,233 -
Hahitv -1,11C =C.,079 0.742 2,22¢ - -1.35%6 -0,105 0.882 3.998 «0.05C ari 0.3 n,n0c 3.05[; 1f.§;r 0,000
0.336 0.006 4.040 20,104 0.00C  0.106 0,011 4.265 4,075 G.044 i : i
‘Cruiar:ow 1.834 0,082 1,187 Z.,457 -
Crriancw 1.760 0.073 1,192 2,122 - 1,675 0,081 1,222 2.352 - ! 0,270 0.00% 3,957 18,70z 0,000
0.345 0,006 4.033 14.180 0,000  C.132 0.006 4,257 3,184 0.043 Cruia
Cruia Co -0.135 -0.016 0,468 0.084 - " . _
0,133 0,000 4,263 2,146 0.004 41 491xi0 - 0,197 0,015 14,230 «2.00:
‘ - C.381 0.03% 32,867 26,747 0,000
Conatant 52.823 £6.13¢8 Constant 52.931
. i
i

Table D.1. The regresaion of pigmentation on age and
the behavioural variables. Filters no. 1, 5 and 9,
Parameter specifications (n,P,T): {14,0.01,0.99),
(80,0.01,0.001) and (14,0.01,0,95). Pinal steps.
¥ales and fema'es separate.
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F- 78 STA + ASPA (3/¢} ¢ ‘Bt N=78 STs + a3F
T = 0,00 (Tehav. eniy) T =0.9
3 Beta  SF P ] B Bete 5B P T = Bete S2 P B
R R SE F P R P SE P R b3 SE P P
Cruianow | 5.576 0,229 2.732 4,155 <0,050 .3,006 O.141 1.996 2.268 - | |arutencw 5.511 0,227 2,752 4,011 <Q,05C
0,221 0.049 4,620 3,302 0,052 0.230 0,019 5.010 2.109 0.103 G.227 Q.04 4.520 '3,302 0,057
Habitu —1.379 =0.105 1,510 0.834 - - -2.474 -0,176 1.300 3.571 - Habitu B o gggf 0. 701
0,244 0,011 4.625 2.364 0,101  0.145 0,021 5.050 2.459 0,120 -244 0. . - 101
Cruia 0.565 0.048 1.365 0.171 -
Cruia 1.279 0,091 1,326 0.930 - 0.245 0.002 4,51 1,616 0,193
0.185 0.013 5,0 . .
>-038 2,008 0.139 Constart 34.13¢
Constant 34,136 34,278
Crutanow | = 6.533 0.257 3,103 4.432 <0.050 1,956 0.084 2,214 0.781 - Cruimnow | 6,537 0,237 3,103 4.43I2 <0,05C
0.235 0.055 5.217 4.438 0.038 0,150 0.007 5,557 0.864 0.462 0.23% 0,055 5,217 4.432 0,03¢
Duin -897.525 -0.105957,889 0,878 - Tuin -£27,525 -0,1099357.282 Q0,772 -
.0.257 0.011 5,221 2,647 0.078 0.257 0.01% 5.221 2.647 0.07%
' Cruia 0.€33 0,047 1,513 0.175 -
Cruia 0.633 0,047 1.513 0,175 - 1.123 0,073 1.471 0,583 - 0,261 0.002 5,250 1,804 0,154
0.261 0.002 5.250 1,804 0.154 0.125 0.0028 5.552 0,907 0.407
Constant 2.0687
Habitu -1.721 =0.112 1,452 ° 1,405 -
: 0.0%0 0.008 5,549 0.941 0,334
Constant 43,087 40,356
Cruianow 3.508 0.175 2.263 2,403 - 0.378 ©0.022 1,597 0.056 - Cruiianow 2,420 C,171 2,272 2,254 -
: 0.162 0.029 3,844 2.230 0.140 0,179 0.001 4,009 1,245 6,297 0.16% 0.029 3,244 2,230 0.140
-7
57 Az 130210 0,132 0,000 1,337 -
A3 124x10" 0,126 0,000 1.238 - z 3 H L
0.210 0.016 3.836 1,737 0.183 9.21C 0.916 3.835 1.737 0.1€3
: Tabitu
i Bahitu -1.531 ~0.132  1.048 2,136 -
e
; 0.111 ©.012 4.014 1.42¢ ©.235 Cruie 0.644 0.056 1,715 0,333 -
Cruia 1,524 0.137 1.061 2.061 - 0.220 0.004 3,855 1,250 0,205
0.178 0.21% 3,992 1,856 0.161 Constant £2,428
Constant 62,559 63,500
Table D.1, The regression of pigmentation on age and

the behavioural variables. Pilters no. 1, 5 and 9,
Parameter specifications (z,?,T): (14,0.01,0,99),
(80,0.01,0.001) and {14,0.01,0,95). Pinal steps.
¥ales and females separate.
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¥ = 45 GE + AGP (3/4) X = 4% F = 4% G2 4+ AGE
T = 0.92 (Rehav, orly) ? = 0,90
® Beta ST F P b ta S8 F  p -
3 ° b4 RBeta sz ® r
s A 2 Ro® TP 3 R st » g
Rahitv | -7,862 -0.23f 1,801 2,526 - -3.700 -0.314 1.721 4.624 <0.050 ; [Sabitu -2.93% =0,242 1,835 2.555 -
; ©0.235 0,05f 5,342 2,526 0.119 0.285 0.0B1 5.242 4,056 0,050 ° 0.22& 0.05% 5,342 2.526 0.11¢
. : : i
lcrate | . 1.561 0,173 1.851 0,704 - | |°Tvie
! : .309 0,014 5,259 2,367 0.105 !
: - i |pute 120,604 0,046£%7.99% 0.091 -
Puin ' 0,240 05,002 5,400 1,282 0,202
' Constart 3=,842
Conetant 39,750 40,103
Hahitu | -1,713 -0.152 1,701 1.014 - -2.022 -0.185 1,647 1.507 - - |mabitu -1,595 -0.140 1,755 0,815 -
10,182 0,023 5,047 1,014 0.320 0,167 0,028 4.994 1.316 0.257 0.152 0.C23 5.047 1,014 0,320
Crvia | 0.910 0.077 1.782 0.261 -  |°rvis
‘ } 0.183 0.006 5,035 0.778 0.465 n
i Dulg 2.535 C.056 7.002 0.131 -
™ile i 0.162 0,003 5,000 0.562 C.574
| Constant 37.571
Constant | 47.525 43,528
; .
Du 8512107 0.175 0.007 1,362 - Dut 851.10°° ©.175 0,007 1.362 -
. 0.186 0.034 3,215 1,573 0,222 0,186 0,034 3,215 1,533 0,227
: .
ian ~2.399 -0,155 2.32¢ 1.061 -
Crotanow | -2,3°9 0,155 2,320 1.0F1 = _2.504 ~0.161 2,308 1,000 - Orudanem | 2 e e aiacs 1ipo6 0.28¢
- 0.241 0,024 3.213 1,283 0,294 0.286 0,025 3,143 1.323 0.279 . * o re et )
Habitu-
Eghitu | -1.482 =0.214 1,034 2,053 -
: C.198 0,032 3,14F 1,874 0,178 .
r Cruia
fruie 1.179 0,158 1.118 1,111 -
| 0.240 €.019 3,156 1,578 G.253 Constant 62,779
Ceonstant I[ 62.77¢ 65.416
i
1
]
i
Table D,1. The regression of pigmentation on age and

the behavioural variables, Pilters no. 1, 5 and 9.
Parameter specifications (po,?,T): (14,0.01,0.99),
(80,0.01,0.001) and (14,0.01,0.95). Pinal steps.

¥ales and fema'es separate. :
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¥ 211 ST & ASWD f2/4) s mo.oper ] ¥=o2mt ' S¥Z & 45T
. T = 0.99 (renav, only) T = 0.9
P ‘Beta ST ? r B, Beta ST P b T F Peta Sz F P
i B R ST _F P____..R R SE PP 2 B s= ? 3
Al ) -0.151 =C,414 0,027 84,62€ <0,001 . Al 0,151 =0.416 0,023 45.043 <C.001
P 0,420 0.176 4,393 4£.662 0.000 : 0.470 0.17f 4,393 44,662 ©.000
Dflg " 2,207 0.142 0.964 5,281 <0.050 " |ore 2.357 0.152 0,972 5,878 <0,00%
0.444 0.021 4.346 25,567 0.000 : 0.444 0.021 4.346 25,567 0.000
Crfhno £,526 0,007 4,347 2,954 -
Crfhnow 6,417 0.002 4,350 2,176 - 8.724 0,123 4,674 3.484 - row ~Tat4 0.008 4.%T4 17.857 0,007
0.454 0,008 4,334 17,887 0.000 0.118 0.012 4.745 1.023 0.383 . ’
. Habit
IRabite 0.145 ©.015 0.692 0.044 -
, 0.007 0.000 4.756 0,011 0.918 [aepn 0,070 0,072 0.BA7 1,320 <
| . . 0.459 0.005 4.3%31 13.751 C.0CD
icreh 0.281 0.020 0.959 0.086 -
! 0,043 0.002 4.762 0,207 0.813 [Comstant | 26.743
‘Newhat -2,055 -0.216 0.533 10,534 <0.010
: : 0.244 0,046 4.645 3.834 0.010
Constant  27.187 29,186 -
A1 -0.186 -D.465 0.024 58.185 <0.001 ) C i -0.18€ -0.465 0,024 56,185 x0,007
0.461 0.212 4.726 56.264 0.000 0.461 0,212 4,726 56,264 0,000
Drin " -44,574 =0,168 16.221 7.552 <0,050 Dfin —44.574 0,158 16.221 7.552 ¢0.010
: i 0,489 0.027 4.655 32.743 0.000 ) 0,480 C.027 4,655 32.743 0.000
:Crth - 0,492 0,032 0.927 0,281 - —0.143 =C.009 1.054 0.018 - . |Crfh ©.492 0,032 0,927 0.281 -
j  0.490 0,001 4.663 21.847 0.000 0,054 0.000 5.241 0.323 0.724 ¢ 0,490 0,001 4.663 21,847 0.00C
Crfhnow 2,319 0.030 4,697 0.244 = 4,865 0,062 5,137 0.8297 - . |Crfhnor 2.319 0.030 4.697 0,244 -
. 0.491 0.001 4,671 16,387 0.000  0.072 0.002 5.248 0,377 0.770 0,401 0.001 4.671 16,387 0.00¢
i pes 1602107 -0,014 0,000 0.056 - - |prs -169%10 " -0.014 0,000 0.056 -
. 0,402 0,000 4,682 15,061 0.000 : : 0.492 0,000 4,682 13,061 0.000
Rabitf -0.310 -0,029 0,761 0,176 -  |Barite
; : ] 0.050 - 0,003 5,231 0.556 0.457
| Rewhat | ~2.548 -0,244 0,696 13,402 <0.001. | Hewhat
: : ©.251 0.058 5.105 3,649 0.007:
| Constant  38.245 35.002 i |comstert | 38.245
a1 -0.115 =0.35¢ 0,021 30,310 - [ lar | -0.115 -0.356 0.021 30,795 0.0
. 0.361 0.130 4.046 33,255 0,000 i 0.361 0,130 4.046 31.255 0,000
Dri 539x10°8 0.126 0.003 3,963 <0.050 ¢ ipet 5e2x1C 0.13% 0,003 4.532 <0.050
0.383 0,017 4,017 17.880 0.000 : 0.333 C.017 4,017 17.880 0,000
X
Crehnow 2,508 0.040 4,036 0.386 - 4.020 0.063 4.267 0.887 - . |Crfhnow LE45 0,042 4,027 0,433 -
0.385 0.002 4.023 12.014 0,000 0,093 0.0C3 £,258 0,640 0.590 0,326 0,002 4,013 9,565 0.007
Rabitf -0.198 -0,022 0.632 0.098 -  |Habiif
0.011 0.0C0 4,257 0,027 0.862 _
cren 0,793 0.064 0.875 0.820 - Creh 1,137 0.002 0,707 2,038 -
0.074 0.005 4.255 0.613 0,543 0.3G4 0,005 4,007 12,644 ©.00C
Fewhat : -0.967 =0.114 0.578 2,795 - . | Newret
0.146 ©0.013 4,241 1,182 0,312
Constant | £5.458 64,144 . {Tonstent 65.240
I L e i

! Table D.1. The regression of pigmentation on age and

; the behavioural variables, FPilters no. 1, 5 and 9.
Parameter specifications (n,?,?): (14,0.01,0.99),

‘ (80,0.01,0,001) and (14,0.01,0,95). Pinal steps.
Males and females separate. -




455
)
- T e f
¥ = 104 SP4 + ASPA {z/4) d X = 108 | K= 02 SPa + ASPL
T = 0,90 (=erav, only) ! T 0.035
B Beta ST ? P B _ Bete SE » v iz Petz ST . r
R R SE b4 P 4 R SE P P o o SE R £
Newhat | -2,081 -0,27% 0.715 €.483 <0.010 -2.650 -0.348 0,724 13.498 <0.001 | evnat m2.054 %201 0.7 Bab L
{ ;i  0.292 0.086 3.366 9.533 0.003 0,368 0.113 3.288 4,042 0.004 0,222 0,085 3.366 9.533 0.1D3
‘Drig i 1.868 0.242 0.716 6.801 0.010 Mle
' . 0,377 0.057 3.276 8.374 0.000
‘crth 0.605 0,084 1,293 0.219 - 0.809 0.058 1.308 0.38> - frin o7 S.0aR 2R 92 e
_ 0.3%0 0.002 3.288 5.€12 0.001 0,127 C.001 3.474 0.858 0.427 9.47% 0.0E7 3.27C 4.792 C.000
| Babitr -1.102 -0,138 0.745 2,188 - Harit?
§ , 0.122 0.015 3,450 1,537 0.209
: Crfhnow . -2.741 =0.167 1,574 3.031 - Crfhnow
: P 0.150 0.006 3,480 0,794 0.500
! prin : Bfin -4 ,671 20,277 18,763 £,00% <C.0%0
0.382 0,060 3.269 8.617 0.00C
or5 neE 1oceid 0,123 2,000 1,797 -
0.401 0,015 .3.257 5,372 0.00
Constant 19.122 24.513 . Eonstar;t 23,£0%
Al -0,197 =0.257 0.073 7.251 <0.050 ’ A1 -C.163 0,238 2,274 £,112 <0.057
0.242 0.058 5,372 6.328 0.013 0.242 9,05 5.372 6.32¢ D012
Dfin -53,577 -0.171 29,910 3%,209 - Dfin =47.,753 =0,122 30.153 2.°0¢ -
0.296 0.029 5.3318 4.8%7 0.010 0,295 0.027 5,314 4.837 0.010
Habitf -0.865--0.063 1,229 0.495 - Rabitf
0.041 0.002 5.452 0.175 0.676 .
Crth 1518 0,060 2,152 0.373 - . |°TIE 0.866 0,040 2,088 0.172 -
© 0iATL 0.00: 5.468 0.085 0.753 0.332 €.002 5,300 3,071 0,020
0,773 0,004 5.468 O, .78
lCrﬂ'mow ' 1,02 2.040 2,506 0,150 - Crihnow
5 : 0,110 0.007 5.475 0,426 0,735 ’
' . - y - AC 0 148 c 5,301 -
| mewnhat 22,077 ~C.1T4 1,194 3.027 - Fewhat 1,726 =0,1435 1-1..3 2,39 N
i i Ginei Talow .47 1.00 0,340 0.23¢ 0.021 5.276 4.071 0.007
!Constant ; 33.176 20,72% Comstnat 33.977
iprie 1.503 0.166 0.887 2.869 - Dfig 1,692 0,185 0.616 3.376 -
: 0.173 0.030 4,084 3,152 0,079 0.177 0,030 4,084 3.152 0.079
' Wewhet ° =-0.704 —0,078 0.889 0,696 - -1.045 -0.116 0,903 1,338 - Fewrat
: ©0.190 0.006 4,092 1.883 0.157  0.190 0,012 4.084 1.303 0.27¢
{manitf , -1.078 -0.114 0,930 1,343 - Habit?
i 0.119 0.014 4,09t 1.527 0.219
| crehnow 22.460 -0.128 1,965 1.605 - Crfhnow | -2.490 ~0.13C 1,018 1.&P0 -
j ‘ 0.754 0,010 4,090 1.27° 0.283 C.215 C.OIR 4,070 2,447 0.0
Lerm 0.202 0.012 1,633 0.05 - trth ne2if Gu027 1L.633 0,085 -
i - C.191 0.000 4.102 0.972 0.426 C.21f 0.0 4.089 1.530 0.187
! | 22 134x107° 0,057 0.001 0,027 -
| A2 ! 0.217 0.20C 4,102 1,217 0.308
, S - r 2. 087
| Conastant ; 53.861 58,335 Constant 52.993
|
S S -

Tadle D.1. The regression of pigmentation on age and
the behavioural variadles. Filters no. 1, 5 and 9,
' Parameter specifications {(o,?,T): {14,0.01,0.99),
: (80,0.01,0,001) and (14,0.01,0.95). Pinal steps.
I Males and fema‘'es separate.
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o et
¥ =32 CP + AGT (3/4) d LT =132 : GE + 232
(. a=
__ T = 0.9° _ {enav, onlv) T
by Beta ST ® P B ZRets SZ » B Beia 2 .4
‘R R s I3 P R TR SE P r 2 ® 32 F
1 ‘ ~0.292 =0.336 0.144 4,072 - . A1 -0.27% =2,321 0,142 4,315
: ! 0.346 0.120 3,210 4.085 0,052 . C.346 0.120 3.210 4,085
. i -
‘Habitf | -1.009 -0.279 1.130 2,800 - -1.496 -0.235 1,106 1.830 = Habitf -2.221 -0,325 1,14E€ 3,750
; 0.445 0.07& 3.118 3.570 0.041  0.248 0.062 3,154 2.234 0,144 0.44> 0.072 3.118 3.570
Cefh ' -1.528 -0,201 1.296 1,330 - Crfh
: . 0.307 0.033 3,146 1.717 0.195
;Crfhnow ' 3.412 0.247 2,341 2,124 - Crfhoow 3,127 0,725 2,290 1,963
' 0.388 0.057 3,003 1,894 0,150 0.43% 2.050 3,077 2.072
Fewhat -0.795 0,127 1.113 0.510 - Newhat
_ 0.40f 0.014 3.117 1,526 0.21¢ :
Constant | 34.367 : 28.24€ Congtant | 3£.45:
A -0.536 -0.414 0.213 6.336 <0,050 . - |ar . =0,5I5 0,413 0,217 £.103
0.421 0:177 4.639 6.457 .0.017 0.421 0,177 £.630 £.457
Rabitf -2,071 -0.203 1.680 1,510 - -1.332 =0.136 1.809 0.542 - Habitf —1.060 -0.194 1,743 1.29%
0.467 0.041 4.593 4.044 0.028  0.186 0,035 4.938 1.217 0.278 0.4€67 0.041 4.50C 4.044
crth C : -0.638 -0.064 2.119 0,091 - Crfh
0.200 0.006 4.798 0.590 0,509
Crfhnow - R ' -0.870 =0,041 3,22¢ 0,052 = Crfhnow -0.016 =2,042 3,485 0.06°
‘ 0.205 0.002 5.071 0.466 0.708 0.4£2 0,002 4,675 2.633
{Rewhat | -1.487 -0.146 1,820 0.667 - Fewnat
! : ‘ 0.249 0.020 5,098 0.512 &.727
IConstant | 44.024 33.764 Constant | 44,990
i ; ) .
;
i j
! :
| i Prin -234 372 -0.17¢ 47,402 1,897
{Dfin 1=-246,040 =0,12224%,943 1,017 - 173 0.03C 3,227 0.729
: i 0.173 0.030 3,227 0,920 0.243 -
}A1 | 0.134 0.162 0.150 0.202 . At 0,318 0,142 0,154 0,56¢
; ; . e -] 202 - 0,237 0.020 2,222 0.85
i [ C.737 0.02¢ 3.238 0.363 0.433 : 7 ’ &2
H i Eatitf
‘Habite -1.160 -0,183 1,164 0.936 -
H ~ T
] 0,120 0,014 2,220 0,494 0,487 Creh
icry : 0.5%2 0,073 1.364 0,154 - i
. ¢ C.154 0,01C 3,253 C.403 C.£€72 i
; ! Crfhnew
- Crfhnow . C.247 0.01¢ °,464 0,01 -
0.156 C. z, 265 0.85 . <
. 56 C.000 *.302 0.265 0.850 Newhat . 0,751 0,113 1,241 £.367 -
| Fawkat 1,375 0.213 1,172 1.418 - © o 0.262 0,012 3,274 C.f85 C.F
: . 0.25% 0.3 .291 0.556 0,696 i
i 0.%43 3 0.%5 9 Corgtant | 0,813
{Constant £0.781 62.426 i
: !
; ; |

Tadle D.1, The regression of pigmentation on age and
the behavioural variables, Pilters no., 1, 5 and 9,
Parageter specifications (n,?,?): (14,0.01,0.99),
(80,0.01,0.001) and (14,0.01,0. 95) Pinal steps.
¥ales and fema’os separate.
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the behavioural variables., Pilters no. 1, 5 and 9.
Parameter specifications {n,?P,T): (14,0.01,0.99),
(80,0.01,0,001) and (14,0.01,0,95). Pinal steps.

Males and females separate.

ST Ly ¢ A
572+ ASTE (272 ? = F= SWE + 435S
T = 0,00 ‘Zehav, orly) ® = 0,0%
[ = Bete 37 S P = Tete  SE T T £ TBete GE F £
| R R SE ® P E 1t = ST » R R sz = r
‘032 307* -0.3¢46 .0.014 44,115 <0.001 41 20,107 -0,397 0,014 £0.544 <C.00¢
: :A0'344 0,110 4,2%4 43,668 0.000 0,344 0,319 4,33& 47,658 0Q.00¢
Habitf | -1.087 -0.071 0,795 1,870 - -0.757 =0.053 0,760 0,942 Habitf -0.844 -0,055 0,775 1,186 -
; 0,351 0.005 4,328 22.827 0.000  0.046 0.002 4.714 0,70 0.438 0.002 4.152 25,566 C.007
iCrfh - 0.5£6 0.063 0.545 1.495 crth 0.292 0.020 0,487 0.353 -
0,058 0.001 4,718 0.571 0,439 0.001 4,167 19,225 0.
-2.025 -0.178  0.€31 10.411 Crfhnow
0.191 0.033 4,646 4,231
-0.390 -0.041 0,512 0.579 Newhat
. 0.195 0.00z 4.645 3.314
D : brrol 3,662 0,292 0.698 27,951 <0,00"
! i 0.435 0,071 4,163 37,826 0,007
+Constant : 3,214 30.809 Constant 25,732
? l ~=0.107 -0.363 oo 49.233 «0.001 4 -0.118 =0.40% 0,015 §1,103 <0.0%1
; [ 0.362 0.131 4,691 48,937 0.000 0.362 0,131 4,691 48,917 0.00C
: i -0,058 -0,058 0.861 1,233 - -0.792 -0.052  0,838% 0,893 s . s o
; o Habitf -0.815 -0.042 0,852 0.014 -
; 0.366 0.003 4.690 25.095 0,000 0,043 0.002 5.067 0.620 0.227 0.002 4.585 17.444 0.003
i O T e orth 0.530 0.051 C.535 0.072 -
: G2 O 2 . 0.410 €,00z 4,582 22,960 0.00°
-2.194 -0,178 0,678 10.483
0.194 0.034 4.991 4.369 Crfhnow
-0.513 =0.051 0,550 0.871 Hemrat
0,200 0,003 4,992 3.493
g 1,133 0,211 0,767 16,653 <0,0C3
0.417 0,043 4,521 34,002 0,000
39.607 3¢.282 Constart | 33.154
\ .
_cg7210 1 -0:254 0.012:22,314 €0.001 A1 -601210°%-0,245 0.012 23,00¢ <000
© 70,254 0,064 3,600 22,342 0.000 0.254 0,054 3,690 22,322 C.007
-0.171 -0.01¢ 0.680 0,083 = Fabitf -0.206 —C.015 0,608 G.h88 -
. 0.25¢4 0,080 3.704 11,170 0.000 0.285 0,000 3,680 5,563 C.007
: 0.4C1 G.05C 0,432 0.874 Cxrth 0.171 0,021 0,427 0,157 -
0,029 C.00! 3,835 0,281 0.284 0,000 3,683 7,077 0,207
-1.256 -0.135 0,518 5.803 Crfhnow
. 0.120 0.016 3,811 2,831
i 0.36f 0,048 0,420 0,760 Kewrat
; 0.137 0.002 3,812 2,130
: ; g 1,407 0,125 0,622 5.125 0,050
, i 0.27% C.017 3.678 13,636 0.000
“prs es -656x1077-0.056 0.00C 1,025 | -
i 0.2% 0,003 3.678 £,419 'G.00¢
| constant | 66.066 64,335 Constant | 63.248
Table D.1., The regression of pigmentation on age and
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¥ = 105 . SPA + ASPA (2/8} I r= 11
™ = 0,99 (Terav. only)
B Reta SE P P P Reta SZ b4 r
R R SE P P R ie SE P P
He | S41x10°° 0.101 0,003 3.908 -
; P 0.1 0,037 4,040 3.908 0.051
| Habitf -0.966 -0.087 1,092 .0,982 -
g : 0.061 0.004 4,027 0,404 0.526
formm 0.608 0.072 0.875 0.487 -
i 0.114 0.000 4,027 0.712 0.493
Crfhnow 0.650 0.075 0,802 0,53t -
0.131 0.004 4,037 0.626 0.60C
Newhat 0.912 0.055 1,348 0,458 =
0.147 0.004 4.047 0,581 O0.£77
224351 22.980
i .
; .
! Fewhat -2.187 =0.143 1,499 2,120 - -2,024 -0,138 1,408 2,068 -
: 0.145 0,021 4,281 2,206 0,141 0.180 0,019 4,228 0,885 0.47¢
crth 1.217 0,135 0.880 1,911 - 1.082 0,122 0,915 1,395 -
0.198 0.018 4,261 2,088 0,129 1,115 0,012 4,230 0.722 0.438
‘a2 —238210°%-0.030 0.001 0,091 -
\ 0,201 0,001 4,281 1,410 0.244
. Habitf | A 0.282 0,024 1,140 0,081 -
] 0.040 0,002 &,235 0,173 0.579
i Crfhnow | ~0.255 -0.028 0.932 0.075 -
C 0.116 0.000 4,24¢ 0.485 0.693
| DrE i
1
Conatant ; 31.731 31,292
f i
iCrth ] 1,190 . 0.130 0,903 1.735 - 1.570 0.173 0.932 2.838 -
: ! 0.129 0.017 4.364 1,755 0,188  0.183 C.021 4.284 1,862 0.160
i i .
Fewrat . -1,210 =0,078 1.538 0C.619 - -1.061 =0.071  1.433 0.547 -
0,152 0.006 4,371 1,201 0.305 0,205 0.005 4,305 1.156 0.334
It i-118x10"°-0.014 0.001 0.021 -
» 0.152 0.00C 4,392 0.800 0.497
1
Habity | ~1.597 -0.134 1,1A1 1.891 -
i 0.110 0,012 4,311 1,337 0.250
Crfrnow | -0.647 -0.060 0,949 0.466 -
i 0.192 0©.004 4,296 1,365 0.257
g 5
|
Constant E 58,140 59,365
:
|
Table D.1. The regression of pigmentation on age and

the behavioura) variables, Pilters no. 1, 5 and 9.
Parameter specifications (n,?,7): (14,0.01,0.99),
(80,0.01,0.001) ana (14,0.01,0.95). Pinal steps.
¥ales and females separate.

- 105 SFA + ASTA
® = 0,05

® Rete  OF 2 r
] R Sz ? 5

L1 603x10°° 0,217 0,003 4.526 <0,05C
0.191 0,037 4,240 3,908 0.051%

Rabit?

Crtx 1.C35 0,121 0.851 1.4€3 -
0.225 0,014 4,030 2.721 0.071

Crfhnow

Fewhet 0,234 0,016 1,430 0.027 -
0,226 0.G00 4.049 1,806 0,15%

Constant 21,663

Newhat -2,860 -0,187 1,485 3,695 -
0,145 0,021 4,281 2,205 0,141

Crth 1.651 0,163 C©.B83 3.498 -
0,287 0.032 4.186 3,020 0.033

A2

Habitf

Crfhnow

Pfie 1,757 0.217 0.808 4,733 <0.050
0.225 0,030 4,236 2.715 0.071

Constant 28,407

Crfh 1.485 0,162 0,913 2,747 -
0,129 ©.017 4.354 1.755 O.18¢

Newhat -1,60¢ =0, 102 1,533 1,007 -
0,212 C.01C 4,322 1,601 0.10¢

42

Habitf

Crfhrow

g aexi0” 0,155 ©,003 2.368 -
0.187 0.012 4,344 1,951 C,162

Constant 57,451 .
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¥ = 46 GP + AGP (3/2) g % = 48 F = 4¢ GE + AGF
T = 0.9¢ (Pekev. only) T =08
ey . IR U b ok it AR .
1 B Beta S; P P P ) Bete SE : P i r Bete se » P
{ R R SE 2 P R 1 R SE i P | - R et 7 °
A3 1=1%3210°* 20,273 0.000 3,496 - 23 i2134x10° =0,275 0,000 3,476 -
. 0.2684 | 0.080 3.305 3.844 0.0 ' ' To.284 0,020 3.305 3.844 0,05¢
1 DP1 796x1¢°° 0.155 0,008 1,130 - : -5
E ri 75710 ° 0.148 0,008 0,980 -
e 0.320 0.022 3.303 2,450 0.098 ¢ 6,320 0.022 3.303 2.450 0.098
" Rewhat 0,670 0,000 0,982 0,464 - -0,948 -0.133 1,073 0,781 -
. Newhat -0.637 -0.024 0,998 0.407 -
; 0.335 0.010 3,324 1,767 0.168 0.248 0.017 3.645 0.705 0,593 ) 0.325 0.010 3,324 1,767 0,148
| Fahitf -1,486 -0.190 1,228 1.4F3 - Fabitf
5 : 0.207 0.043 3,552 2,053 0.159 B
;Crfh ' -0.1158 -0.016 1,178 0.018 -‘ cren 0,270 <0.05¢4 1,02 0.132 -
; . 0.210 0.001 3.596 1.033 0.35 0,335 0.003 3.357 1.331 0.275
FCrfhnow -0.367 -0.048 1,167 0.099 = fhn
i 0.211 0.001 3.636 0.683 0.567  |CTT7O¥
: Constant 20,794 31.671 . Constant 30,025
i : .
P —-
. - H 3
L A3 ‘1432107 —0.249 0.000 2.851 - A3 1~148x10 " -0,250 0.00C 2,807 -
: 0.2%6 0,066 3,948 3,085 0.086 0,256 0,056 3.949 3,085 O0,0R¢
H . : BRI
Df3 -133x10°-0,087 0,000 03347 - r3 -125%10 =0.082 0,000 0.296 -
' 0.270 0.005 3,978 1,693 0.196 0.270 0.008 3,978 1,693 0.196
_Hahitf -0.674 =0.070 1,528 0.194 - Rabitf
i . 0.070 0.005 4.442 0.225% 0.637
" Crfhnow ) -1.004 -0.109 1.453 0,478 - Crfhnow
: 0.104 0,006 4.478 0,244 0,785
Crer . 0.441 0,050 1.4€6 0.0°% - Crfn
0,108 0,001 4,527 0.174 0.913
Fewhat . -1.20¢ -0.139 1,335 0.821 - Newhat , -0.290 -0.03# 1,198 C.058 -
. : 0.174 0.019 4,535 0.335 0.853 : {0,273 0.001 4.022 t.12¢ 0.350
‘Constant 36,657 36.421 !Congtant | 36,701
Dfin .-954,260 -0.405 327.541 £,488 <0,010 Dfin -049,445 ~0.403 33,418 7,871 <6,010
0.403% 0,163 2,P21 8,530 0.006 0.403 0,163 2,881 B.539 0,006
Fewhat 0.574 0,023 0,856 0.451 - 0.510 0.07¢ 0.9828 0,266 - Fewhat 0,541 0,104 0,882 0,528 -
0.414 0,009 2,80C 4,442 0,018 0.166 0.006 3,356 0.304 0,873 0.414 0.000 2,808 4.442 0.01F
Pahitf ~0.530 =0.075 1.131 0,220 - Habitf 0.2414 0,080 1,003 0,370 -
. 0.004 0,002 3.275 0,410 0.525 0,430 0,003 2,944 2.325% 0,073
Crfh . -0.678 —0.005 1,085 0.335 = Crth
: o 0.111 0,004 3,306 0.281 0.757 )
Crfhnow 0.770 0.113 1.075 0.513 - Crfhnow 0.54° G100 C.022 O.42%8 -
: 0.147 0.008 3,327 0.323 0.809 I 0.426 0.010 2,915 3,104 0.037
Congtant =~ 69,022 64,759 Constart 68.435

. Table D.1. The regression of pigmentation on age and

i the behavioural varisdles. Pilters no. 1, 5 and 9,

| Parameter specifications (n,?,7): (14,0.01,0.99),

| (80,0.01,0.001) and (14,0.01,0.95). Pinal steps.
¥ales and femalee separate.
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Because of its extreme length (108 pages), I decided
to suppress table D.2 from the main body of the thesis.’

Separate copies of it will be available, however, in

the Department of Anthropology at the University of
Durham.
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APPEFDIX E. Populations anaivsed in the text.

Ballﬂnlougﬁ
B, (Farrison)
Belgians 1
Belgians II
Belgians 111
Blne-eyed
Brown-eyed
Brussels
Bruxelles
Carnew
Checken
Durham
Duteh

Europeans from
Calcutts

Furcpeens from
Liverpool

Europeans from
Iondon

Furoneans froo
Maing

Buronrean mothers

Indo-FEuropean
children

Ireq-Syria
Lebanon

Madrid

Malm¥

Man

Werthyr Tydril

K. Forthumberland
Palestina

Porto Alegre
Rossmore

South African
Whites

SE. Forthumberland

Turkey
York
Arbus

Sunderland et al. 1973
Harrison & Owen, 1964
iz Leguede, 1977 .
in Leguedbe 1977
Rijn-Tournel, 1966
Robins, 1973

—yam
in Leguedbe, 1977
Teguedbe, 1961
Sunderliand et al. 1073
Sunderland, 1967
Pernéndeg
Rigters~Aris, 1972/3

Biichi, 1957/8
Harrison & Owen, 1964
Barnicot, 1958

0jikutu, 1965

© M4wari, 1963

— g
Sunderland, 1979
—yy-
Pernénder
—y =
Smith & Mitchell, 1§73
-y
Hulse, 1973
Sunderland, 1979

"Harrison et al, 1967

Supderland et al,.1973

Wessermano & Heyl,
1968

Hulse, 1973
Sunderland, 1979
in Ferndpder‘s
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