[image: ][image: ]
1. Which latitude receives the greatest amount of UV light?
2. Which latitude receives the least amount of UV light?
3. Describe the pattern you observe on the map of the amount of UV light reaching the earth.
4. Based on the data, make a claim about where might you expect to find the mostly lightly pigmented and most darkly pigmented peo0ple on the planet.  Be specific.
5. Provide evidence for your claim in #4.
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6. Describe the pattern of skin reflectance distribution throughout the globe. 
7. Evaluate your claim using the graph above.  Does this add evidence to your claim or refute your claim? Explain.
8. Make a new claim about why different skin colors have evolved.  Based on what you know what factor is the most likely to exert a selective pressure on skin color?
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Evolution is really a “number’s game”: the organisms that reproduce the most “win” because their traits will be
disproportionally represented in the next generation.

Note also that individuals do not evolve. They either breed more effectively or less effectively, depending on already
existing differences in their traits. Only populations evolve or change over time.
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PartV — Folate: A Different Way of Looking at It

Since skin cancer tends to occur after age 50, it has little impact on reproductive success. Consequently, skin cancer
probably exerted little pressure on the evolution of skin color. Some other factor must explain the range in pigmentation

that is observed in the human population.
For years, this fact was overlooked by the scientific community, and the consensus was that dark skin had evolved as
protection against skin cancer. In 1991, the anthropologist Nina Jablonski was skimming through scientific journals

when she came upon a 1978 paper by Branda and Eaton.
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This paper investigated the effects of sunlight on an essential Figure 3. Levels of blood folate in people exposed
chemical found in our body: folate or folic acid (one of the and not exposed to UV light.

B vitamins). Folate is an essential nutrient for DNA synthesis.
Since cells reproduce at a fast pace during fetal development
(and hence, there is a lot of DNA replication), the highest
levels of folate are needed during pregnancy. Folate deficiencies
during pregnancy can lead to anemia in the mother and
malformations of the nervous system (neural tube defects in
particular), gastrointestinal system, aorta, kidney, and skeletal
system in the fetus. There is also a high rate of miscarriages. In
addition, folate deficiency has been linked to spermatogenesis
defects (inability to form sperm) in mice and rats (Mathur et al.,
1977), and anti-folate agents are being investigated as a form of
male contraceptive (Cosentino et al., 1990).

10

Serum folate (ng/mi)

Branda & Earton’s paper measured the folate concentration
in two human test groups. The results are shown in Figure 3.
One group (called “patients”) was exposed to UV-light, while
“normals” were not so exposed.

Normals  Patients

Question (N=64)  (N=10)
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12. Based on Branda and Eaton’s results (Figure 3), what is
the apparent effect of UV light exposure on blood folate
levels?

Folate was isolated from blood and placed in a test tube. Half of
the test tubes were exposed to UV light for 1 hour. The folate
concentration in the samples was measured. The results are

indicated in Table 1.

Table 1. Folate concentrations in four samples of human
plasma before and after a 1 hr exposure to UV light iz vitro.

Folate (ng/ml) in sample

Time
1 2 3 4 Mean
Radioassay
Before exposure 6.0 6.7 3.2 1 55+
Afterexposure 3.6 4.6 1.5 43 3.5*

Source: Table 1 from Branda, R.E, and Eaton, ].W.(1978). Skin color and
nutrient photolysis: An evolutionary hypothesis. Science 201: 625-626.
Reprinted with permission from AAAS.

Patients were exposed to UV light for at least 9
hours every day for 3 months. The difference
between the two groups was statistically
significant (P< 0.005). Brackets represent the
standard error of the mean.

Source: Figure 1 from Branda, R.E, and Eaton, ].W.(1978).
Skin color and nutient photolysis: An evolutionary
hypothesis. Science 201: 625-626. Reprinted with
permission from AAAS. This figure and Table 1 may be
used for non-commercial and classroom purposes only. Any
other uses require the prior written permission from AAAS.
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Question
13. What is the apparent effect of UV light on folate levels in these test tubes?

Folate levels in humans are determined by two things: (1) dictary intake and (2) destruction through alcohol
consumption or ultraviolet skin exposure.

Questions
14. How is folate linked to natural selection?
15. All other things being equal, which skin tone would you expect to be correlated with higher levels of folate?
16. Based on this new information, revise your hypothesis to explain the evolution of human skin color.

17. What would happen to the reproductive success of:
A light-skinned person living in the tropics?

A light-skinned person living in the polar region?
A dark-skinned person living in the tropics?

. A dark-skinned person living in the polar region?

an o

18. Predict the skin tones expected at different latitudes, taking folate needs into consideration. Use the world
map (Figure 4) to indicate the skin tone expected at each latitude (shade the areas where populations are darkly
pigmented).
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Why are human populations differently pigmented? What caused the evolution of an array of different skin colors?

Humans Were Initially Lightly Pigmented

About seven million years ago, humans and chimpanzees shared a common ancestor. Since that time, the two species
have evolved independently from one another. It is generally assumed that chimpanzees changed less over that time
period than humans—because they have remained in their original environment. Chimpanzees are therefore often
used as a surrogate to make inferences about the physical and behavioral attributes of our common ancestors.

The skin of chimps is light and covered with hair. From this observation, it has been inferred that our earliest ancestor
was also probably light-skinned and covered with hair. Since humans and chimps diverged, humans left the protection
of trees and adapted to a new environment (the open savannah). This change in habitat required several adaprations.
Life on the savannah provided little shade and so little protection from the sun, and required a more active lifestyle
(i.e., hunting as opposed to picking fruits). It is also hypothesized that the social interactions and strategizing required
for successful hunting favored the development of a large brain, which consumed a lot of energy and generated heat.
An increased number of sweat glands and loss of body hair evolved to dissipate heat. This created a new problem, as
the light skin became exposed and vulnerable to the sun’s damaging ultraviolet (UV) radiation.
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Melanin: Natural Sunscreen

UV light is harmful to living organisms because it causes changes (i.e., mutations) in the DNA sequence. Skin cells
that produced a pigment called melanin were advantaged because melanin is a natural sunscreen; it absorbs the energy
of UV light and shields cells from the radiation’s harmful effects. Such cells were favored in evolution and now all

human skin cells can produce this pigment.

People vary in their skin tone due to differences in the distribution, quantity, size, and type of melanin found in their
skin cells. As you might suspect, people with dark skin tend to have larger and more numerous melanin-containing
particles in their skin. This provides protection from the sun’s UV rays. Many genes are known to affect the
production of melanin and cause skin color variation in humans. While skin color is an inherited characteristic, the
fact that many genes code for this trait explains why children do not always exactly match their parents’ skin tone.
Tanning is the process of producing more melanin in the skin in response to ultraviolet exposure, and does not require
a change in the genetic code (if a parent gets a tan, the offspring will not be more pigmented).

Distribution of UV Light across the Globe

The following image (Figure 1) represents a map of the world on which the UV-light Index has been superimposed.
The latitudes are shown on the left (latitude helps define a location on Earth, specifically how far north or south of the
equator a site is).
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Figure 2. Relationship of skin reflectance to latitude.
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Source: Panel B of Figure 2 in Barsh (2003). Graph originally captioned as
“Summary of 102 skin reflectance samples for males as a function of latitude,
redrawn from Relethford (1997).” © 2003 Public Library of Science. This
is an open-access article distributed under the terms of the Public Library of
Science Open-Access License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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Part IV — Natural Selection and Evolution of Skin Color

Based on the information provided so far, it seems reasonable to hypothesize that darker skin evolved to protect against
the harmful effects of UV light. In particular, individuals who lacked optimal pigmentation for tropical latitudes had a
greater risk of skin cancer and death.

Unil fairly recently, this was the leading hypothesis about the evolution of skin color. However, there is a problem
with this hypothesis. Lets see if you can find it.

Here is some basic information on evolution by natural selection. Evolution is a change in the gene pool of a
population of organisms from generation to generation. Natural selection is but one of several mechanisms by
which evolution can take place. Through natural selection, populations evolve and become adapted to their specific
environment. Natural selection will occur if the following three conditions are present:

 Variation: The organisms in the population vary with regard to a trait.

* Heredity: Variation in the trait has a genetic component transmissible to offspring.

o Selective Pressure & Differential Reproductive Success: Some traits increase the odds of surviving to reproductive
age and successfully producing and rearing offspring in a given environment. Such traits are more adaptive.
Those organisms having the better adapted trait leave more offspring behind—they are “naturally selected.”
In the next generation, this adaptive (and inherited) trait will increase in frequency and will be represented in
a greater proportion of the population. At this point, the genetic makeup of the population is different from
that of the starting population: the population has evolved.




