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The West African Gaboon Viper is famous for its camouflage. Geometric patterns of dark
and light coloration on its skin make the snake nearly invisible against the forest floor.
Moreover, the dark sections of the viper’s skin have a unique blackness called “ultra black,”
which makes the snake even harder to spot. While ordinary black surfaces absorb most of the
light that hits them, some light escapes and is reflected back to the viewer. This viper’s black
scales, however, reflect almost no light, taking on a velvet-like appearance. Though the snake’s
scales do contain pigments, the secret to this ultra-blacknesses lies in the micro- and
nano-structure on each scale’s surface. By preventing reflection, these surface structures
enhance the light absorption of the pigments, creating an even darker black.

The way in which this unique coloration is created is called “structural color.” Scientists
have discovered this kind of color production across many animals and some plants, such as the
vibrant blue of the Morpho butterfly and the iridescent skin of berries. Most of the colors we see
on a daily basis are likely caused by pigments rather than structures. Pigments are chemical
molecules that absorb light of certain wavelengths. In the case of structural color, on the other
hand, the shape of the surface material creates color by reflecting some but not all wavelengths
of light. This leads to production of a certain coloration.

What kind of structures can create a matte black surface like that of the Gaboon Viper? The
viper’s black scales feature a hierarchical micro- and nanostructured surface. They are covered
with 30 um tall ridges, which are described by researchers as “leaf-like” structures. The surface
of this microstructure has even tinier crests that are about 600 nm tall. Areas between the
leaf-like projections are covered with hair-like protuberances (spinules). The size of these
structures is similar to that of visible wavelengths of light (380-700 nm).




This microscopic structure creates ultra blackness in the viper by reducing light reflection.
If light hits a smooth surface, it is usually reflected back to the viewer. The structures on the
scale, however, are thought to guide light waves toward the viper’s skin instead of the viewer.
Each time that light hits one of these micro/nano-structures, some is absorbed and the rest is
reflected. The newly reflected light hits other micro/nano-structures, with some more light being
absorbed and the remainder being reflected. This process repeats itself with less and less light
being reflected each time until no more light can be reflected. By the end, very little light is
reflected to the viewer. One study shows that velvet black scales reflect four times less light
than pale scales do in the UV to near IR range. This reduced light reflection results in the unique
velvet appearance of the viper’s black skin. Because of its microscopic surface structure, the
viper’s skin is not glossy, allowing it to effectively hunt for prey and evade predators.
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“SEM images from exuviae of B. rhinoceros showed that structuring of scale surfaces
coincided with the colouration. Black areas featured a hierarchical micro- and nanostructured




surface. They were covered with leaf-like microstructures consisting of several crests. Measured
at the tip, the leaf-like structures had an average height of 30 +/- 4 um (mean +/- s.d.) and an
average density of 1900 +/- 100 mm™2. These structures were covered by branched ridges at the
nanometre scale. The ridges averaged a height of 600 +/- 10 nm, thickness of 60 +/- 10 nm and
were after branching parallel with a distance of 330 +/- 50 nm to each other. Their orientation
was perpendicular to the contour lines of the leaflike structures towards the apex and crests.
Ridges were regularly connected with struts.” (Spinner et al. 2013: 2-3)

“Incident light is reflected multiply and scattered by surface irregularities in the nano- and
micrometre range (light trapping). In any case, one part of the incident (or previously by the
structures scattered or reflected) light could be absorbed by dark pigments that are deposited
within the uppermost layers of skin.” (Spinner et al. 2013: 4)

“However, our data show that absorbing pigments are not the main reason for the black
appearance of the snake scales. The refractive index of material and its relation to that of the
surrounding medium is the decisive factor which defines whether electromagnetic radiation is
reflected or led into the material where it can be absorbed. The refractive index of the snake’s
epidermal material mainly consisting of a- and b-keratin can be estimated as that of the keratin
of birds (refractive index 1.56), which is lower than that of metal. As known from the structures
on the wings of butterflies, the intrinsic refractive index of the epidermis of black scales of B.
rhinoceros can be shifted by the nanostructures in wavelength dimension. Thereby surface
structuring influences the rate of reflection and transmission which corresponds to the
absorption.” (Spinner et al. 2013: 4)

“In our measurements, metal coated black snake scales maintained their black colouration
and became even less reflective than the untreated scales. Considering the high refractive index
of metal, the ultrablack appearance might not be due to the effect of pigment absorption. The
dark colouration must be rather caused by a structure-based increase of the refractivity.”
(Spinner et al. 2013: 4)
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