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An enzyme that converts vitamin Al to vitamin A2 (called
dehydroretinol). Vitamin A2 appears to shift the sensitivity of red cone
cells to longer wavelengths, allowing fish that have this particular enzyme

to see near-infrared light.
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Introduction

Many animals see beyond what we see. Some birds, butterflies, and bees see ultraviolet
(UV) light, which has wavelengths shorter than the violet light that our retinae can detect.
Scientists previously thought that infrared light was unsuitable for visual perception because its
longer-than-red wavelengths would produce too much visual noise. But that turns out just to be
an old fish story. Several animals, including the striped kribensis fish (Pelvicachromis
taeniatus), manage to see beyond red very well indeed.

The Strategy

To understand how fish see such long wavelengths of light, we need to understand a bit
about the process that enables humans, fish, and other vertebrates to see at all—
phototransduction. In this process, light passes into the pupil, focuses across the eye’s lens, and
strikes the retina, which contains hundreds of millions of photoreceptor cells. Like other sensing
receptor cells, these cells convert information to electric signals that the brain can interpret.
Photoreceptor cells come in two different shapes, each with a distinct role in vision. Rod-shaped
photoreceptors help with light contrast and allow us to see at lower light levels. Walking
through a dark room, rod receptors help you navigate even if you can’t distinguish colors. At




higher light levels, three types of cone-shaped photoreceptors—red, green, and blue—help us
see colors because they’re sensitive to different wavelengths of light.

Vitamin A, which comes in two forms, is part of the protein complexes that make up the
rod and cone cells. In humans and most other vertebrates, vitamin A1, commonly called retinol,
is the dominant form. According to a 2015 study, some fish can see longer wavelengths of light
because they have an enzyme that converts vitamin Al to vitamin A2 (called dehydroretinol).
Vitamin A2 appears to shift the sensitivity of red cone cells to longer wavelengths, allowing fish
that have this particular enzyme to see near-infrared light.

The Potential

Imaging technology based on fish eyes could produce lower-energy, more compact,
versatile, and sustainable infrared visualization devices of many kinds. It could help robots
navigate in dark waters to clean oil spills, study inaccessible ecosystems, and guide smart
fishing nets to avoid capturing threatened species.
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“Here, we experimentally show that under exclusive NIR illumination, the cichlid fish Pelvicachromis
taeniatus displays a clear foraging response towards NIR reflecting prey . . . These results give first
evidence for NIR visual sensitivity in a functional context and thus challenge the current view about NIR
perception.”
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“Nile and Mozambique tilapia revealed high NIR sensitivities, while zebrafish, guppy and green
swordtail were characterized by low NIR spectral sensitivities. The observed differences between species
may be the result of evolutionary adaptation to the prevailing illumination conditions in the various
habitats.”
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