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Relationship between the reflection spectrum and structure of
parrot feathers

Toshio Okazaki and Takuya Yamamura

Summary We analyzed the light scattering absorption and reflection spectra of black crow
feathers and white, yellow, brown, blue, and green parrot feathers using absorption and reflection
spectrophotometers. The absorption and reflection spectra exhibited an almost mirror image
relationship, which was especially clear for the yellow and brown parrot feathers. The yellow and
brown colors displayed by parrot barbs originate from pigments, so this phenomenon might also
be seen in nature. Next, we examined transverse sections of the crow and parrot barbs using a
microscope, oblique or transmitted illumination, and the direct or oil-immersion method. Based on
these examinations, we confirmed that the colors exhibited by the crow and parrot barbs originated
from their pigments, structures, or a combination of the two. The black color of the crow barbs was
found to originate from their cortical melanin granules. In the parrot barbs, the white color was
derived from the microbubble structure of the medulla, the yellow and brown colors were produced
by pigments, and the blue color originated from the nanostructure of the spongy layer. It was
assumed that the blue appearance of the light reflected from the spongy layer and the brown
appearance of the light transmitted through the spongy layer were caused by light scattering
because light with shorter wavelengths is more easily reflected. In addition, the green color of the
parrot barbs was derived from by a combination between the blue color produced by the

nanostructure of the spongy layer and the yellow color derived from the pigment in the cortex.
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Fig. 1 Methods of simplified optical analysis using an ultraviolet visible spectrophotometer

Simplified optical analysis of feathers: Analytical cuvettes were processed to detect the scattered light from the

materials as follows: Aluminum foil was applied to the cuvette surface on the light-source side, a pinhole

(diameter: 1 mm) was made in its center, and aluminum foil (5 mm in width) was attached to the cuvette surface

on the opposite side. A feather was put into a cuvette, and the absorbance between 400 and 800 nm was

analyzed.
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Fig. 2 Optical analysis of feathers from a crow and parrots.
A: a crow black feather; B: a parrot white feather; C: a parrot yellow feather; D: a parrot brown feather; E: a
parrot blue feather; F: a parrot green feather.
Dotted line: absorbance spectrum (the y-axis on the left edge); solid line: reflection spectrum (the y-axis on the

right edge).
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Fig. 3

Optical micrograph of the transverse section of barb from crow and parrot feathers.

A: a crow black feather; B: a parrot white feather; C: a parrot yellow feather; D: a parrot brown feather; E: a

parrot blue feather; F: a parrot green feather.

Left: oblique illumination; middle and right: transmitted illumination. Middle: non-oil sample using the

transmitted illumination; right: oil immersion sample using the transmitted illumination. All black bars = 50 u

m. G: comparison of the reflection from the transverse section of blue barb (the middle of the board) between on

the white board and the black board.
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Fig. 4
MCPET-RB plate.

White feather

MCPET-RB

MCPET-54

Silica plate

800

Comparative analysis of the reflection spectrum of the white feather to the silica, the MCPET-S4 and the

Each of reflection spectrum was indicated as a colorful solid line, and the line e, f and g showed the difference
spectrum of white feather, MCPET-S4 and MCPET-RB to silica plate. a: white feather; b: silica plate; c:
MCPET-RB; d: MCPET-S4; e: white feather/silica; f: MCPET-S4/silica; g: MCPET-RB/silica.

The photograph of MCPET-RB, MCPET-S4, Silica plate and white feather inserted on the figure was taken

under the LED light.
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