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UMAN SKIN is remarkable and, in several ways, unique. It 
is mostly naked, it is sweaty, it is tough yet sensitive, and 
it comes in a range of colors. The plentiful sweat glands in H

human skin secrete watery fl uid that evaporates and helps to cool us 
when we are hot, and the outer surface of our skin is rich in specialized 
keratin proteins that help the skin to resist physical and chemical in-
sults while remaining exquisitely sensitive to touch. The pigmentation 
of human skin is of greatest interest here. The array of colors found in 
human skin is greater than that seen in any other mammalian species.

People with darkly and lightly colored skin differ in their skin re-
fl ectance, the amount of visible light that is actually refl ected from the 
surface of their skin. This difference can be visually striking and has 
spurred questions for several centuries as to how variation in skin color 
came about. One of the problems in studying the evolution of human 
skin is that it is absent from the fossil record. It generally decays soon 
after death, leaving no traces of its composition or color behind. Evolu-
tionary biologists seeking to understand the evolution of skin must thus 
resort to other means, including comparative anatomy, physiology, and 
molecular genetics. 

The range of skin colors found in humans contrasts with the condi-
tion seen in our closest primate relatives, which have light skin covered 
by dark hair. This condition is typifi ed by our closest living relatives, 
chimpanzees (fi g. 1), which are born with uniformly pale skin. Gla-
brous skin on the face and hands darkens after exposure to the sun so 
that, after a few years of life, the infant’s face becomes mottled and 
eventually becomes uniformly dark like that of its mother. The skin of 
the rest of its body, protected from the sun by hair, remains pale. The 
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ability to produce melanin pigment in specialized cells called melano-
cytes in the skin in response to ultraviolet radiation (UVR) is a charac-
teristic shared by humans and their closest relatives, the apes and Old 
World monkeys (Jablonski and Chaplin 2000). We can infer that this 
condition was present in the common ancestor of chimpanzees and 
humans six million years ago (Ma).

Reconstruction of the nature and likely appearance of the skin of 
the fossil relatives of humans—generically referred to as hominins—is 
possible using a wide range of methods and techniques available to 

Figure 1. Mother and infant chimpanzees differ in the skin pigmentation of 
their faces. Infants are born with pale skin and, through sun exposure, develop 
darker skin on the exposed areas of their faces and hands. The skin underlying 
their dark body hair remains pale throughout life. Photograph by and with per-
mission of Leanne Nash.
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comparative biologists, including comparative and functional genom-
ics. One of the best-known hominin species is Australopithecus afa-
rensis, a species that lived in eastern and northeastern Africa between 
3.6 and 2.9 Ma and became widely known through the well-preserved 
fossil partial skeleton nicknamed “Lucy” (AL 288-1) from the site of 
Hadar in Ethiopia. Reconstruction of the posture and locomotion of 
the species from its limb proportions and joint anatomy indicates that, 
although bipedal, A. afarensis was more of a deliberate walker and 
climber than a long-distance strider and runner (Jungers 1988). Its nor-
mal range of activities was probably closer to that of modern chimpan-
zees than to that of modern humans, and this generally would not have 
resulted in individuals’ building up excess heat as the result of pro-
longed activity. We can infer that members of this species possessed 
skin similar in anatomy and appearance to that of modern chimpanzees 
(fi g. 2). The timing of the loss of body hair in hominins can be inferred 
by similar means: examination of the skeleton and reconstruction of 
the mode and intensity of locomotion. The uncommonly well-preserved 
skeleton of an early member of the genus Homo from the site of West 
Turkana (WT-15000), aged about 1.5 Ma, indicates that functional 
modernity in gait and activity pattern had been achieved by this time, 
specifi cally, that they were engaging in extended bouts of vigorous ex-
ercise, which would have resulted in the build-up of excess body heat 
(Bramble and Lieberman 2004). These hominins lived in hot equatorial 
environments, and had to cope with high external heat loads in addi-
tion to those generated by elevated metabolism. Body heat is a concern 
for primates because they have relatively large brains, which function 
optimally within a narrow thermal range. Temperatures over 40°C can 
be life-threatening and thus the evolution of an effi cient cooling mecha-
nism to prevent hyperthermia was essential. Primates dissipate excess 
body heat primarily through radiation and evaporation, with the evap-
oration of sweat being more important at high ambient temperatures 
(Frisancho 1995). Heavy body hair or fur slows the evaporation of 
sweat, retarding body cooling (Folk and Semken 1991). It can be de-
duced, therefore, that early members of the genus Homo had under-
gone the loss of functional body hair and an increase in the density of 
eccrine (watery) sweat glands in order to facilitate sweating by the time 
that WT-15000 traversed the woodland grassland habitats of the Lake 
Turkana Basin about 1.5 Ma (Jablonski 2004). 

The loss of most body hair left the surface of the skin increasingly 
vulnerable to a battery of environmental assaults, including high UVR. 
It was at this juncture in evolution that the human lineage developed 
permanent dark pigmentation over the entire body by way of protec-
tion from the many harmful effects of UVR (Jablonski and Chaplin 
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2000). The deductions about hair loss and pigmentation that we made 
on the basis of functional anatomy and thermophysiology were sup-
ported independently by the results of a genetic analysis indicating that 
lack of variation in a gene that is critical to the production of melanin 
pigment, the melanocortin 1 receptor locus (or MC1R) could be traced 
back possibly as early as 1.2 Ma (Rogers, Iltis, and Wooding 2004). 
This implies that, by this time, the evolutionary pressure for protective 
melanin pigmentation was so high that variation in the MC1R gene 
had disappeared through the action of purifying natural selection. The 
members of the genus Homo living in Africa around 1 Ma, from which 
all modern humans evolved, thus probably had mostly naked and 
darkly pigmented skin (fi g. 3).

Figure 2. Reconstruction of Australopithecus afarensis by Mauricio Antón
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Melanin is a remarkable pigment. It is the dark brown form, eu-
melanin, colloquially known as melanin, that imparts most of the color 
to human skin. Eumelanin is a long and complex polymeric molecule 
capable of absorbing and scattering highly energetic forms of solar and 
other radiation. It is particularly good at absorbing UVR, and so skin 
that is rich in eumelanin readily absorbs UVR, sparing underlying tis-
sues from much of the damage caused by high-energy photons. Eu-
melanin also chemically neutralizes damaging chemicals created by 
UVR bombardment, such as reactive oxygen species that can damage 
DNA (Brenner and Hearing 2008; Kollias 1995; Meredith 2006). These 
unique properties make eumelanin a superior natural sunscreen, and 
explain why the pigment has been recruited in evolution as a coloring 
and protective agent many times in the history of life on the earth.

Members of the human lineage evolving continuously in Africa 
from the earliest members of the genus Homo through the early mem-
bers of the modern human species, Homo sapiens, had dark skin pig-
mentation because it afforded protection against the multifarious harm-
ful effects of UVR. The specifi c harmful effects that led to diminished 

Figure 3. Reconstruction of early Homo erectus from Africa by Mauricio Antón
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r eproductive success are those that demand attention in the context of 
evolutionary discussions. The role of UVR in causing skin cancer, for 
instance, is mostly not relevant in this context because most such can-
cers develop after reproductive age and, in any case, do not affect a 
person’s ability to bear offspring (Blum 1961). Equatorial latitudes 
receive high doses of medium- and long-wavelength UVR, known as 
UVB and UVA, respectively, throughout the year. Low doses of UVB 
reach the earth’s surface—even at the equator—due to the attenuating 
effects of atmospheric oxygen and ozone, while most UVA (along with 
visible light) traverses the atmosphere unimpeded. The numerous harm-
ful effects of UVA on biological systems are related to its ability not 
only to traverse the atmosphere, but to penetrate through the super-
fi cial layers of skin and damage DNA and the collagen and elastin mol-
ecules that are responsible for the skin’s strength and elasticity. This 
damage is cumulative and leads to skin cancer, skin thickening, and 
wrinkles (de Gruijl 1998; Freeman et al. 1962; Leiter and Garbe 2008); 
hence the frequent injunctions we receive to protect skin from direct 
sun exposure. The effects of UVB are somewhat different because it 
cannot penetrate the skin as deeply, but it also can bring about serious 
damage to the DNA in the skin that can lead to skin cancer. While seri-
ous, none of these sequelae was able to signifi cantly affect the repro-
ductive success of our ancestors. Even for the most serious type of skin 
cancer, cutaneous malignant melanoma, which is often fatal and can 
affl ict individuals of reproductive age, the overall incidence and mor-
tality rates prior to the mid-twentieth century were so low (<5 per 
100,000) (Diepgen and Mahler 2002) that melanoma probably never 
was a signifi cant selective factor in the evolution of skin pigmentation. 

Our research has revealed that the most evolutionarily signifi cant 
effects of UVR are those that have to do with folate metabolism. Folate 
is a B vitamin necessary for the production and repair of DNA, and 
for modulating gene expression. Folate is not made in the body; rather, 
it comes from leafy green vegetables, whole grains, and citrus fruits in 
the diet. Circulating levels of the vitamin (and its active metabolite, 
5-Methyltetrahydrofolate or 5MTHF) vary according to many param-
eters, including the body’s needs at any given time and the effects of en-
vironmental stressors. One of the most potent of these stressors is UVR, 
which lowers levels of circulating folate and 5MTHF through direct 
photo-degradation and probably also by directing available folate to-
ward the repair of UVR-damaged DNA in the skin (Steindal et al. 
2008; Tam et al. 2009; Jablonski and Chaplin 2010). We have theo-
rized that direct and indirect depletion of folate by UVR creates acute 
folate defi ciency, which can be most serious when DNA replication and 
cell division affect the production of germ cells or the formation of 
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organ systems in the rapidly differentiating embryo. These include peri-
ods of sperm formation in men, and the critical intervals in women 
when the embryonic neural tube, the precursor of the central nervous 
system, is developing in early pregnancy. Folate defi ciency contributes 
to male infertility and to increased prevalence of neural tube defects, 
one of the most common classes of birth defects to affect the early em-
bryo (Bower and Stanley 1992; Copp, Fleming, and Greene 1998; MRC 
Vitamin Study Research Group 1991; Wallock et al. 2001). Maintain-
ing suffi cient levels of folate thus emerges as one of the keys to success-
ful reproduction, and the safeguarding of folate becomes an evolution-
ary mandate. The evolution of permanent dark skin pigmentation, 
which is at its darkest in the middle of the human reproductive career 
(Quevedo 1969; Ortonne 1990), was one of the most effective and eco-
nomical means whereby this protection could be achieved. 

Having established a plausible and testable framework for under-
standing the evolution of dark skin pigmentation, the questions remain-
ing surround the evolution of light pigmentation and the mechanisms 
and timing involved in the production of the conspicuous gradient of 
human skin pigmentation from dark at the equator to light at the poles. 
The previous discussion on the effects of UVR emphasized harmful ef-
fects. The one positive effect of UVR is its ability to begin the process 
of making vitamin D in the skin. This is accomplished only by UVB 
photons (in the 290–315 nm range), which cause the transformation of 
provitamin D3 (7-dehydrocholesterol) to previtamin D3. The other steps 
necessary to produce biologically active vitamin D occur over the space 
of 48 hours in the liver and kidney. An individual with darkly pig-
mented skin living at the equator begins the process of vitamin D man-
ufacture in the skin following sun exposure, but this process occurs rel-
atively slowly because of the natural sunscreening effects of eumelanin 
(Webb and Holick 1988; Holick, MacLaughlin, and Doppelt 1981). 
Attenuation of most UVB by the atmosphere means that biologically 
signifi cant doses of UVR able to catalyze vitamin D production reach 
the earth’s surface when the sun is nearly directly overhead. At the 
equator this is most of the time, maximally at the equinoxes, but out-
side of the tropics the UVB maximum occurs only once a year at the 
summer solstice. The higher the latitude, the more attenuated the UVB 
(fi g. 4). The potential for cutaneous photosynthesis of previtamin D3 is 
minimal in the winter at latitudes greater than 37°, and on an annual 
basis people living north of 50° cannot produce enough previtamin D3 
to satisfy their physiological needs (Webb, Kline, and Holick 1988; 
Jablonski and Chaplin 2000, 2010).

As hominins dispersed outside of tropical latitudes, availability 
of UVB for the production of vitamin D was a problem, which was 
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compounded by dark skin pigmentation. Two major dispersals of hom-
inins out of the African tropics occurred. The fi rst involved early mem-
bers of the species generally known as Homo erectus and began around 
1.9 Ma, and the second involved modern Homo sapiens and began 
around 80,000 years ago. We know much more about the latter disper-
sal because it occurred more recently and because the descendants of 
that event are the modern people living all over the world today. The 
dispersal of Homo sapiens occurred over a relatively short period of 
time, evolutionarily speaking, and was propelled by advances in human 
culture and technology. Modern humans began living outside of the 
tropics more than 60,000 years ago and in high latitudes (>50°) about 
40,000 years ago. Among the many challenges humans faced in these 
new environments was that of making suffi cient vitamin D in their skin 
to satisfy their physiological and reproductive needs. Vitamin D has long 
been known to be important for the absorption of calcium and the pro-
duction and maintenance of a healthy skeleton, but research in recent 
years has revealed that it is essential for maintenance of healthy immune 
and cardiovascular systems (Cantorna and Mahon 2005; Norman 2008). 
Chronic vitamin D defi ciencies are associated with rickets in children 
and diffi culties in childbearing due to related pelvic deformities, weak-
ening of the skeletal system in adults, increased risk of developing 
a utoimmune disease, lowered resistance of infectious disease, and the 

Figure 4. The average distribution of UVB (305 nm). Intensity is indicated by 
gradations from white (high) to black (low), varying from 135 to 1 Jm−2 in ten steps 
with oceans partially grayed out. Map by George Chaplin based on NASA data.
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promotion of certain cancers (Thacher et al. 2006; Aranow 2011; Can-
nell et al. 2006; Lucas et al. 2008; Ponsonby, Lucas, and van der Mei 
2005; Ramagopalan et al. 2011). The problem for hominins living under 
reduced and highly seasonal UVB conditions thus became how to max-
imize production of vitamin D when UVB was available. We deduced 
from physical evidence of hominins at high latitudes that loss of most 
of the protective eumelanin pigmentation would have been essential 
for year-round habitation under low UVB conditions (Jablonski and 
Chaplin 2000). This prediction has been supported by the results of a 
recent genomic study, which showed that a specifi c genetic mutation 
leading to production of depigmented skin occurred in the ancestors of 
modern western Europeans (Lamason et al. 2005). Because this muta-
tion is not shared by lightly pigmented East Asians, it has been deduced 
that mutations leading to depigmented skin occurred independently in 
the ancestors of western Europeans and East Asians (Norton et al. 
2007). In a related study, investigators examining the Neanderthal ge-
nome discovered evidence that European representatives of these dis-
tant and extinct cousins of modern humans also probably had lightly 
pigmented skin (Lalueza-Fox et al. 2007). Evidence indicating the inde-
pendent evolution of lightly pigmented skin at high latitudes in three 
hominin populations (two modern human groups and central Euro-
pean Neanderthals) points to the action of strong natural selection, or 
positive selection, in selective sweeps that established depigmented skin 
as the normal appearance for skin at high latitudes. 

The evidence of strong natural selection operating at low latitudes 
to maintain dark pigmentation under high UVR conditions and at high 
latitudes to establish and maintain light pigmentation under low UVR 
conditions indicates that skin pigmentation is a Darwinian adaptation, 
which is the product of evolution by natural selection. The stable gradi-
ent of skin colors observed from the equator to the poles is the product 
of two confl icting clines operating over a spatially varying optimum of 
UVR distribution. One of these emphasizes photoprotection by dark pig-
mentation near the equator, and the other emphasizes photosynthesis of 
vitamin D facilitated by light pigmentation near the poles. Moderately 
pigmented skin, which can develop a tan in the presence of high UVR in 
the summer and then lose melanin pigment again in the absence of strong 
UVR in the winter, is a characteristic of humans inhabiting middle lati-
tudes and experiencing seasonal UVR regimes (Jablonski and Chaplin 
2010). The most important implication of the independent evolution of 
similar skin tones under similar environmental circumstances is that 
skin color is not a useful trait for separating people into unique groups. 
Skin color was used for a long time to defi ne human races, but this is 
inappropriate because skin tones are not unique. A corollary of this is 
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that because skin pigmentation evolved independently of other traits, 
the combining of anatomical, physiological, and even behavioral traits 
into so-called races under the banner of shared skin color is incorrect. 

Modern humans today are distinguished by remarkable mobility 
and by sophisticated culture and technology, which buffer us against 
the exigencies of the environment. In the last 500 years, advances in 
transportation have made it possible for humans to traverse thousands 
of kilometers and dozens of degrees of latitude within hours. Humans 
often live in places remote from their ancestral homelands, or at least 
vacation in them. Also, the majority of the world’s people today inhabit 
cities where they live and work mostly indoors, and do not experience 
the solar conditions and UVR regimes that their ancestors did. This has 
resulted in more humans’ being mismatched to the UVR conditions of 
the environment in which they live, and suffering adverse health conse-
quences because of it. Large populations of lightly pigmented people 
live or vacation in high UVR regions like the American Southwest or 
Australia, and large populations of darkly pigmented people live in low 
UVR areas such as the American Northeast or northern Europe. The 
health consequences of these changes in geography and lifestyle have 
been in some cases severe. On the one hand, the prevalence of skin can-
cers, including cutaneous malignant melanoma, in lightly pigmented 
people who live in sunny places, especially those who partake of recre-
ational suntanning, is high (Leiter and Garbe 2008). On the other hand, 
the prevalence of vitamin D defi ciencies in darkly pigmented people liv-
ing in low-UVR environments and in all people living and working in 
indoor environments in cities is high, with the global disease burden 
caused by low UVR now exceeding that of high UVR (Lucas et al. 
2008). Problems of vitamin D defi ciency often are compounded by cul-
tural practices such as the wearing of concealing garments or the rou-
tine application of chemical sunscreen, which prevent or retard vita-
min D production in the skin. The importance of preventive public 
health measures to reduce the risk of diseases caused by inappropriate 
UVR exposure cannot be stressed enough. 

In conclusion, two points warrant reiteration. The fi rst is that skin 
pigmentation is the product of evolution by natural selection and is one 
of the best examples of evolution acting on the human body. Skin color 
is an ideal tool for teaching evolution, and should be used widely as 
such. The second is that similar skin tones have evolved multiple times 
independently in human history, and skin color does not defi ne human 
races. This knowledge should be widely promulgated to help dispel rac-
ism and to discourage the repeated social reinvention of race as a con-
cept. These activities will conduce to the weal of humanity and greatly 
improve human society. 



human skin pigmentation 55

Acknowledgments

I am very grateful to George Chaplin for his many contributions to this 
research program over the last twenty years, and to Fletcher Asset 
Management for providing me with an Alphonse Fletcher, Sr. Fellow-
ship in 2005 to support the development of much of the research pre-
sented here. Theresa Wilson helped in the gathering of reference mate-
rials and the maintenance of my digital bibliographic library.

References

Aranow, Cynthia. 2011. Vitamin D and the immune system. Journal of Investigative 
Medicine. Published ahead of print: 1–6.

Blum, Harold F. 1961. Does the melanin pigment of human skin have adaptive value? 
Quarterly Review of Biology 36.1:50–63.

Bower, Carol, and F. Stanley. 1992. The role of nutritional factors in the aetiology of 
neural tube defects. J. Paediatr. Child Health 28:12–16.

Bramble, Dennis M., and Daniel E. Lieberman. 2004. Endurance running and the evo-
lution of Homo. Nature 432 (7015): 345–52.

Brenner, Michaela, and Vincent J. Hearing. 2008. The protective role of melanin against 
UV damage in human skin. Photochemistry and Photobiology 84.3:539–49.

Cannell, John, Reinhold Vieth, Sasha Madronich, Cedric Garland, John C. Umhau, and 
Edward Giovannucci. 2006. Vitamin D, sunlight, and epidemic infl uenza. Epide-
miology and Infection 134.6:1129–40.

Cantorna, Margherita T., and B. D. Mahon. 2005. D-hormone and the immune system. 
Journal of Rheumatology 76:11–20.

Copp, Andrew J., Angeleen Fleming, and Nicholas D. E. Greene. 1998. Embryonic 
mechanisms underlying the prevention of neural tube defects by vitamins. Ment. 
Retard. Dev. Disabil. Res. Rev. 4:264–68.

de Gruijl, F. R. 1998. Adverse effects of sunlight on the skin. Ned. Tijdschr. Geneeskd. 
12:620–25.

Diepgen, T. L., and V. Mahler. 2002. The epidemiology of skin cancer. British Journal of 
Dermatology 146 (s61): 1–6.

Folk, G. Edgar, Jr., and Holmes A. Semken Jr. 1991. The evolution of sweat glands. 
International Journal of Biometeorology 35.3:180–86.

Freeman, Robert G., Earl G. Cockerell, Jim Armstrong, and John M. Knox. 1962. Sun-
light as a factor infl uencing the thickness of epidermis. Journal of Investigative 
Dermatology 39:295–98.

Frisancho, A. Roberto. 1995. Human Adaptation and Accommodation. Enlarged and 
revised ed. Ann Arbor: University of Michigan Press.

Holick, Michael F., J. A. MacLaughlin, and S. H. Doppelt. 1981. Regulation of cutane-
ous previtamin D3 photosynthesis in man: Skin pigment is not an essential regula-
tor. Science 211 (4482): 590–93.

Jablonski, Nina G. 2004. The evolution of human skin and skin color. Annual Review 
of Anthropology 33:585–623.

Jablonski, Nina G., and George Chaplin. 2000. The evolution of human skin color-
ation. Journal of Human Evolution 39.1:57–106.

———. 2010. Human skin pigmentation as an adaptation to UV radiation. Proceed-
ings of the National Academy of Sciences 107. Supplement 2:8962–68.

Jungers, William L. 1988. Relative joint size and hominoid locomotor adaptations with 
implications for the evolution of hominid bipedalism. Journal of Human Evolu-
tion 17.1–2:247–65.



56 nina g. jablonski

Kollias, Nikiforos. 1995. Melanin and non-melanin protection. In Melanin: Its Role In 
Human Photoprotection, ed. L. Zeise, M. R. Chedekel, and T. B. Fitzpatrick. Over-
land Park, Kans.: Valdenmar Publishing Co.

Lalueza-Fox, Carles, Holger Rompler, David Caramelli, Claudia Staubert, Giulio Cata-
lano, David Hughes, Nadin Rohland, Elena Pilli, Laura Longo, Silvana Condemi, 
Marco de la Rasilla, Javier Fortea, Antonio Rosas, Mark Stoneking, Torsten 
Schoneberg, Jaume Bertranpetit, and Michael Hofreiter. 2007. A melanocortin 
1 receptor allele suggests varying pigmentation among Neanderthals. Science 318 
(5855): 1453–55.

Lamason, Rebecca L., Manzoor-Ali P. K. Mohideen, Jason R. Mest, Andrew C. Wong, 
Heather L. Norton, Michele C. Aros, Michael J. Jurynec, Xianyun Mao, Vanessa 
R. Humphreville, Jasper E. Humbert, Soniya Sinha, Jessica L. Moore, Pudur Jaga-
deeswaran, Wei Zhao, Gang Ning, Izabela Makalowska, Paul M. McKeigue, David 
O’Donnell, Rick Kittles, Esteban J. Parra, Nancy J. Mangini, David J. Grunwald, 
Mark D. Shriver, Victor A. Canfi eld, and Keith C. Cheng. 2005. SLC24A5, a puta-
tive cation exchanger, affects pigmentation in zebrafi sh and humans. Science 310 
(5755): 1782–86.

Leiter, U., and C. Garbe. 2008. Epidemiology of melanoma and nonmelanoma skin 
cancer—The role of sunlight. Advances in Experimental Medicine and Biology 
624:89–103.

Lucas, Robyn M., Anthony J. McMichael, Bruce K. Armstrong, and Wayne T. Smith. 
2008. Estimating the global disease burden due to ultraviolet radiation exposure. 
International Journal of Epidemiology 37.3:654–67.

Meredith, P. 2006. Towards structure—property—function relationships for eumela-
nin. Soft Matter 2.1:37.

MRC Vitamin Study Research Group. 1991. Prevention of neural tube defects: Results 
of the Medical Research Council Vitamin Study. Lancet 338 (8760): 131–34.

Norman, Anthony W. 2008. From vitamin D to hormone D: Fundamentals of the vita-
min D endocrine system essential for good health. American Journal of Clinical 
Nutrition 88.2:491S–99S.

Norton, Heather L., Rick A. Kittles, Esteban Parra, Paul McKeigue, Xianyun Mao, 
Keith Cheng, Victor A. Canfi eld, Daniel G. Bradley, Brian McEvoy, and Mark D. 
Shriver. 2007. Genetic evidence for the convergent evolution of light skin in Euro-
peans and East Asians. Molecular Biology and Evolution 24.3:710–22.

Ortonne, Jean-Paul. 1990. Pigmentary changes of the ageing skin. British Journal of 
Dermatology 122 (S35): 21–28.

Ponsonby, Anne-Louise, R. M. Lucas, and Ingrid A. F. van der Mei. 2005. UVR, vita-
min D and three autoimmune diseases—multiple sclerosis, type 1 diabetes, rheu-
matoid arthritis. Photochemistry and Photobiology 81.6:1267–75.

Quevedo, Walter C. 1969. Infl uence of age and UV on the populations of dopa-positive 
melanocytes in human skin. Journal of Investigative Dermatology 52.3:287–90.

Ramagopalan, S. V., A. E. Handel, G. Giovannoni, Susan Rutherford Siegel, George C. 
Ebers, and George Chaplin. 2011. Relationship of UV exposure to prevalence of 
multiple sclerosis in England. Neurology 76.16:1410–14.

Rogers, Alan R., David Iltis, and Stephen Wooding. 2004. Genetic variation at the 
MC1R locus and the time since loss of human body hair. Current Anthropology 
45.1:105–24.

Steindal, Arnfi nn Hykkerud, Tran Thi Thu Tam, Xiao Yun Lu, Asta Juzeniene, and 
Johan Moan. 2008. 5-Methyltetrahydrofolate is photosensitive in the presence of 
ribofl avin. Photochemical & Photobiological Sciences 7.7:814–18.

Tam, Tran Thi Thu, Asta Juzeniene, Arnfi nn Hykkerud Steindal, Vladimir Iani, and 
Johan Moan. 2009. Photodegradation of 5-methyltetrahydrofolate in the presence of 
uroporphyrin. Journal of Photochemistry and Photobiology B: Biology 94.3:201–04.

Thacher, Tom, Philip Fischer, Mark Strand, and John Pettifor. 2006. Nutritional rickets 
around the world: Causes and future directions. Annals of Tropical Paediatrics: 
International Child Health 26.1:1–16.



human skin pigmentation 57

Wallock, Lynn M., Tsunenobu Tamura, Craig A. Mayr, Kelley E. Johnston, Bruce N. 
Ames, and Robert A. Jacob. 2001. Low seminal plasma folate concentrations are 
associated with low sperm density and count in male smokers and nonsmokers. 
Fertility and Sterility 75.2:252–59.

Webb, Ann R., and Michael F. Holick. 1988. The role of sunlight in the cutaneous pro-
duction of vitamin D3. Annual Review of Nutrition 8:375–99.

Webb, Ann R., L. Kline, and Michael F. Holick. 1988. Infl uence of season and latitude 
on the cutaneous synthesis of vitamin D3: Exposure to winter sunlight in Boston 
and Edmonton will not promote vitamin D3 synthesis in human skin. Journal of 
Clinical Endocrinology and Metabolism 67.2:373–78.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AGaramondPro-Semibold
    /AGaramondPro-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /CaflischScriptPro-Bold
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HelveticaRoundedLTStd-BdCnO
    /Impact
    /ImprintMT-Shadow
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-Regular
    /Mangal-Regular
    /MeridienLTStd-Bold
    /MeridienLTStd-BoldItalic
    /MeridienLTStd-Italic
    /MeridienLTStd-Medium
    /MeridienLTStd-MediumItalic
    /MeridienLTStd-Roman
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /MyriadPro-Black
    /MyriadPro-BlackCond
    /MyriadPro-BlackCondIt
    /MyriadPro-BlackIt
    /MyriadPro-BlackSemiCn
    /MyriadPro-BlackSemiCnIt
    /MyriadPro-BlackSemiExt
    /MyriadPro-BlackSemiExtIt
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-BoldSemiCn
    /MyriadPro-BoldSemiCnIt
    /MyriadPro-BoldSemiExt
    /MyriadPro-BoldSemiExtIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightCond
    /MyriadPro-LightCondIt
    /MyriadPro-LightIt
    /MyriadPro-LightSemiCn
    /MyriadPro-LightSemiCnIt
    /MyriadPro-LightSemiExt
    /MyriadPro-LightSemiExtIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldCond
    /MyriadPro-SemiboldCondIt
    /MyriadPro-SemiboldIt
    /MyriadPro-SemiboldSemiCn
    /MyriadPro-SemiboldSemiCnIt
    /MyriadPro-SemiboldSemiExt
    /MyriadPro-SemiboldSemiExtIt
    /MyriadPro-SemiCn
    /MyriadPro-SemiCnIt
    /MyriadPro-SemiExt
    /MyriadPro-SemiExtIt
    /MyriadStd-Sketch
    /MyriadStd-Tilt
    /OCRAExtended
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /Shruti
    /Sylfaen
    /SymbolMT
    /SymbolStd
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [504.000 720.000]
>> setpagedevice


