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Abstract 
The degree of epidermal melanisation in humans is discussed in relation to the possible evolutionary benefits that may be 

associated with the known properties of the pigment. These include photo protection both by radiation absorption and free radi-
cal scavenging, genoprotective effects through the oxidative initiation of apoptosis, and heavy-metal binding and excretion. An 
aspect that has hitherto received little attention is the possibility that the degree of melanisation may influence the efficiency of 
heat loss and contribute to temperature homeostasis.
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Introduction
Within the wide range of living organisms there are many 

examples of melanism and a number of diverse functions are 
subsumed by the dark pigment. In general, we may define melanin 
as a polymerisation product of orthoquinones. The biological 
significance of orthoquinones in microorganisms, plants, insects 
and cephalopods is well recognized [1] and the properties of melanin 
suggest several functions that may have evolutionary significance 
[2]. The general properties of melanins are well-established. Minor 
properties include the formation of charge-transfer complexes 
with certain drugs and photon-phonon absorption, but basically 
the major functions of melanins include: (a) absorbance of light 
over a fairly wide range of wavelengths; (b) facile redox properties 
associated with stabilization of free radical (semiquinone) states; 
and (c) powerful cation binding through negatively charged 
functional groups. 

Absorbance of light is of great interest because of the 
photoreceptor shielding that is afforded by melanin which is used 
in primitive organisms to confer directionality on phototropism. 
In animals with eyes, light absorption by melanin is important in 
increasing visual acuity and adjusting exposure in light adaptation. 
Absorption of infra-red radiation by melanin is also of importance 
in temperature control in poikilotherms and animals in desert 
habitats. Melanin is also a major pigment visible in various external 

displays, either transient signalling or camouflage (as in flat fish 
and chameleons), or more permanent social recognition signals.

In relation to surface pigmentation in humans there are two 
evolutionary matters that merit examination: (i) What are the 
advantages of epidermal melanin that led to the development 
of black skin; and (ii) What factors were responsible for the 
geographic loss of skin pigment?

Development of Black Skin
Because of the evolution of relative hairlessness in man, and 

the recognition that the ultraviolet component of solar radiation 
is biologically harmful, it has generally been assumed that the 
pronounced increase in epidermal pigmentation in humans in 
comparison with other land-based mammals, including apes, 
evolved as a photo protective feature [3].

This photo protection may occur in two ways. Probably the 
most evident contribution of melanin is afforded by dissipative 
energy absorption and by scavenging free radical products 
generated in skin by incident radiation. Alternatively, the 
pigment may function as a genoprotective agent. An interesting 
possibility is that cellular calcium levels might be regulated by 
absorbed light since photo oxidation of melanin shifts the balance 
of catecholic to quinone functions which would release calcium 
ionically bound to catechols. We have shown that calcium bound 
to catechols is released on oxidation [4]. We speculate that, since 
the intracytoplasmic calcium level is a controlling signal in the 
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initiation of apoptosis [5], cell death will be initiated by high 
levels of photo-oxidation giving rise to ‘sunburn cells’ in irradiated 
epidermis. Such a mechanism may contribute to genoprotection 
by ensuring that cells exposed to radiation of sufficiently high 
intensity to suffer mutations are eliminated by apoptosis.

An alternative explanation of the possible evolutionary role 
of epidermal melanin has been proposed in connection with the 
aquatic ape hypothesis [6,7] in which the metal chelating action of 
melanin would provide a method of excretion of potentially toxic 
metals from the littoral diet rich in molluscs which concentrate 
heavy metals [8]. According to this proposal human evolution, 
as a result of niche displacement from an overcrowded arborial 
habitat, took place at the water’s edge. Such a habitat implies a 
diet rich in seafood which would include a high proportion of 
shellfish which are comparatively easily caught without much 
skill or sophistication. Shellfish are unusual in being able to 
concentrate metals, including potentially toxic heavy metals [9]. 
Thus, there would seem to be an evolutionary advantage accruing 
to those individuals with good metal-excreting pathways. Because 
of the metal-binding propensity of melanin it is possible that 
skin pigmentation represents a trans epidermal route of metal 
excretion. Melanin synthesized by melanocytes is transferred to 
epidermal keratocytes where it binds potentially toxic cations and 
is desquamated. Given the large surface area of the skin, with 
strong melanization and rapid epidermal turnover, this excretory 
route could be highly significant. It is conceivable, therefore, that 
the evolutionary origin of epidermal pigmentation was driven by 
diet rather than solar exposure [10].

Loss of Melanisation at Greater Latitude
According to this argument the loss of pigmentation in 

early human populations migrating to more Northerly latitudes 
would be secondary to changes in the staple diet. However, whilst 
the dietary argument may hold with regard to the acquisition of 
epidermal pigmentation, it is not a strong selective factor when the 
diet changes, and a more compelling explanation must be sought 
for the loss of epidermal melanisation. 

Currently the most popular explanation regarding the 
evolutionary loss of skin pigmentation with increasing latitude is 
the Vitamin D hypothesis [11] which posits that the UV absorbance 
by epidermal melanin reduces the extent to which Vitamin D can 
be synthesized in the dermis. If the major source of Vitamin D 
were dermal photosynthesis, then heavily melanised individuals 
would be prone to rickets. 

Radiative Heat Loss
However, another factor that hitherto has received scant 

attention is the potential radiative heat loss from pigmented 
skin. In a humid environment, where heat loss by sweating is not 

efficient, the thermostatic advantage of radiative (infra-red) heat 
loss from the skin surface might confer a significant advantage. It 
is estimated that about two thirds of the thermal losses in man are 
due to emissions in the 10 μm wavelength range.

Remarkably there have been few studies designed to 
measure the extent of infra-red emissions in relation to the degree 
of epidermal pigmentation. The most convincing data come from 
thermographic studies of zebras which demonstrate that the black 
stripes have higher infra-red emission than white stripes (see 
Figure 1). In a systematic survey of the geographical distribution 
of African zebras it was concluded that the most probable function 
of the black stripes was connected with temperature regulation 
[12]. This radiative mode of heat loss might historically have been 
advantageous to early humans in pursuing game and might account 
for the evolution of epidermal pigmentation.

Figure 1: Zebra thermography showing emission peaks associated with 
the black stripes. The difference in infra-red emission along the line 
indicated is plotted in the upper panel.

Some evidence relevant to this aspect comes from the 
finding that cold weather injuries are more prevalent in pigmented 
individuals. Candler and Ivey [13] reported that African-American 
soldiers were significantly more susceptible to frostbite of the 
distal extremities than Caucasian soldiers with a relative risk 
score of 3.94 (95% confidence interval 2.77-5.59). A subsequent 
study of 2143 hospitalizations due to Cold Weather Injury (CWI) 
similarly showed that African-American men and women were 
approximately 4 and 2.2 times more likely to be affected than 
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their Caucasian counterparts [14]. These findings suggest that 
epidermal melanin enhances peripheral heat loss, presumably by 
radiative means. Such an argument would be consistent with the 
notion that epidermal pigmentation would be disadvantageous in 
colder environments and could explain the evolutionary loss of 
pigmentation in populations migrating out of Africa. 

Conclusion
Because melanin has several significant properties there 

are a number of ways in which the degree to which it is present 
in the human skin might have been influenced in evolutionary 
terms. The major possibilities favouring increased epidermal 
melanisation seem to embrace photoprotection, genoprotection, 
and heavy metal excretion. The geographical distribution of the 
reduction of melanisation is less easily explained as the negative 
selective pressure associated with these properties is not strong. 
The traditional view is that in regions with relatively little solar 
UV radiation the presence of epidermal melanin prevents adequate 
intradermal vitamin D synthesis with the resultant propensity for 
the development of rickets. As argued here, an alternative selective 
pressure favouring a reduction in pigmentation might derive from 
the effect of epidermal melanin on radiative heat loss.
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