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Lesson 7: Why can’t I see what you see?

The Evolution of Color Vision
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Adapted from The Story of Light and People- The concept of Seeing

Falling in love and ability to see: Biological evolution and devolution 
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A lot of you have experienced “love at first sight” or you definitely know someone who has. Falling in love is a very strong feeling; but why does sight of a certain person alone provoke such a strong feeling?  In order to find the suitable mate, our distant ancestors once relied on smell and pheromones (tasteless and odorless chemical substances that activate a behavioral response from the opposite sex of the same species). Later, they developed the ability to see color, which caused them to be less sensitive to smell and pheromones. Today, most of the information necessary for mate-finding is perceived visually. Therefore, this suggests a close relationship between the evolution of color vision and the criteria for selecting suitable mates.

Chance triggered the evolution of color vision
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Humans and animals see the world differently; some birds, rodents and certain types of fish can see ultraviolet light, some snakes can see infrared light waves. On the other hand, humans can’t see either of these lights. To give an example, dogs can see fewer colors than humans; however, they compensate for their weakness of color vision with a sense of smell which is said to be 10,000 times more powerful than humans’. The world of dogs is ruled by scent, while the world of humans is ruled by the ability to see. 

From four to three

Color vision evolved as a result of chance and environments. Recent advances in the study of genes forming cone cells and rod cells of the eye have led to the discovery of new facts about genes, especially those related to the recognition of different colors. Looking back at the process of biological evolution down to humans; the common ancestors of birds, reptiles and fish were tetrachromat (they could see four color spectrums: UV, blue, green, and red types). All mammals had the same ancestors. During Mesozoic era, when mammals had to live with dinosaurs, in order to survive; mammals became nocturnal and the ability to see four different colors became less crucial for survival. As a result, they lost the genes responsible for green and blue color recognition, which resulted in dichromacy, i.e. the two-color vision system (UV and red types).
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When the dinosaurs went extinct about 65 million years ago, the nocturnal ancestors of mammals returned to daylight activity. Some 30 million years later, the genes that these animals possessed for seeing red and blue duplicated and then mutated, which gave rise to the green-type gene capable of perceiving green light. Eventually, the three-color vision system (trichromat) developed. Mammals gained dominance in the jungle since they had the ability to make fine distinctions in color. It was then that our ancestors gained the ability to see color as we enjoy it today. 

With the ability to distinguish more colors, our ancestors became less sensitive to smells and pheromones.
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The process of biologic evolution down to humans



Evolution is Devolution

Devolution refers to retrograde evolution. Many researchers have proposed that evolution is closely tied to devolution, and this becomes obvious from various observations in the evolution of humans as well as other animals. An example of devolution comes from the ability to smell in humans. The maximum number of genes for color perception that humans possess is only four, as opposed to 802 that control sense of smell in humans and 1391 in mice. However, humans use only 388, or less than half, of the total genes available. In other words, humans have evolved by devolving, or ceasing to use many of these genes through mutation.

“Pseudogenes” refer to the genes that are no longer functional due to mutation. Our close primate relatives (catarrhines) with three-color vision have greater portions of scent-related pseudogenes. The scent- related pseudogenes in humans account for more than 50% of our total scent genes, while those of apes and Old World monkeys account for 30% or more. On the contrary, pseudogenes of two-color vision prosimians, such as mice (refer to the image above) account for less than 20% of the total scent genes. In other words, we can assume that the three-color vision system makes a keen olfactory sense less important.

In summary, we can assume that humans and other primates gained the ability to see color at the expense of losing the sensitivity to smell and the ability to detect pheromones (tasteless and odorless chemical substances that activate a behavioral response from the opposite sex of the same species). As a result, for humans, color vision has become the primary sense that we depend on for all aspects of our lives, from love to survival.
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Acquisition of three-color vision and percentage of olfactory pseudogenes. This shows that our
close primate relatives (catarrhines), which acquired the ability to see three colors, have a
higher percentage of olfactory pseudogenes than those with two-calor vision.
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