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The elytra of male beetles Chlorophila obscuripennis �Coleoptera� display an inconspicuous iridescent
bluish green color. By structural characterizations we find that the outermost elytral surface comprises a
sculpted multilayer, which is the origin of structural coloration. In elytra both structural green and cyan colors
are observed which arise from the modulations imposed on the multilayer, leading to a bluish green color by
color mixing. The adoption of the sculpted multilayer can render structural coloration inconspicuous, which
could be advantageous for camouflage. In addition, it can cause light emergence at nonspecular angles.
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I. INTRODUCTION

Structural colors result from the interactions of natural
light with featured microstructures comparable to visible
wavelengths �1–7�. They are widespread in the biological
world, found in insects �8–16�, birds �17–26�, sea animals
�27–29�, and even in plants �30–33�. The studies of structural
colors and their structural origin may render important infor-
mation on their functionalities such as signal communica-
tions, conspecific recognition, camouflage, etc. Besides, the
revealed structures may inspire not only the designs of opti-
cal structures but also the way of their engineering �34�.

In this paper, we study the structural and optical proper-
ties of the elytra of beetle Chlorophila obscuripennis �Co-
leoptera� by optical microscope, scanning electron micros-
copy �SEM�, transmission electron microscopy �TEM�, and
reflectance measurements. Beetle Chlorophila obscuripennis
belongs to a small family of Lagriidae �long-jointed beetles�,
which can be often found in eastern Tibet and Wolong Dis-
trict �famous for the panda�, Sichuan Province, China. The
male displays an inconspicuous iridescent bluish green color
in elytra. Our aim is to uncover the origin of structural col-
oration in elytra and to investigate the optical effects of the
revealed microstructures.

This paper is organized as follows. Section II presents
optical microscope, SEM, and TEM images of the elytra of
beetle Chlorophila obscuripennis, which provide us with the
microstructures responsible for the observed iridescence and
their structural parameters. Specular and nonspecular reflec-
tance measurements are given in Secs. III and IV, respec-
tively. Section V contains discussions.

II. STRUCTURAL CHARACTERIZATIONS

The specimens used for our studies were obtained from
Shanghai Natural Museum, Shanghai, China. Structural char-

acterizations were done by optical microscope, SEM, and
TEM. The optical microscope image of an elytron is shown
in Fig. 1. When viewed with the naked eye, elytra show an
inconspicuous iridescent bluish green color. With the oblique
observation, it changes to an inconspicuous blue. Under the
high magnification, the iridescent bluish green color is actu-
ally additive mixtures of a green color in the framework of
hexagonal veins and a cyan color in the center. The remain-
ing part shows a rather dull blue color which gives a minor
contribution to color mixing.

The microstructures of elytra were characterized by both
SEM and TEM, shown in Figs. 2 and 3, respectively. From
the top view we can see that the outer surface of an elytron is
not flat. Instead, it comprises an array of hexagonal pits.
Compared with the optical microscopic images, there exists
an exact correspondence between the surface morphology
and the observed color pattern: the pit ridges produce a green
color, the basins a cyan color, and the inclined sides a dull
blue color. All these colors change with viewing angle. The
pits measure about 11 �m across and 2.8 �m in depth. The
transverse cross-section images reveal that the outermost cu-
ticle consists of a sculpted multilayer which conforms to the
elytral surface morphology.

From TEM images we can determine the structural pa-
rameters of the sculpted multilayer. It is composed of about
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(a) (b)

FIG. 1. �Color online� �a� Optical image of a male beetle Chlo-
rophila obscuripennis. Its elytra display an inconspicuous iridescent
bluish green color. �b� Optical microscopic image of an elytron
under 1000� magnification. Scale bars, �a� 1 cm and �b� 5 �m.
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16 thin layers with alternating low and high electron density,
which are the source of the elytral structural coloration. The
layer with low electron density is chitin. By chemical treat-
ments �9� we determined that the layer with high electron
density may be melanoprotein. The average thickness of both
chitin and melanoprotein layers shows distinct differences in
different regions. The average thickness of the chitin layer is
about 90, 85, and 78 nm at the ridge, the inclined side, and
the basin, respectively. For the melanoprotein layer its aver-
age thickness in different regions is nearly the same, about
66 nm.

III. SPECULAR REFLECTION

The specular reflection spectra of elytra at difference in-
cident angles were measured by an optical spectrometer,

shown in Fig. 4. At normal incidence, elytra exhibit a distinct
reflection peak positioned at 520 nm, which is responsible
for the bluish green color perceived by the naked eye. With
increasing incident angle, this reflection peak undergoes a
blueshift in wavelength: the peak position becomes 506, 477,
and 446 nm at the incident angle of 20, 40, and 60 degrees,
respectively. This corresponds to the observed iridescence.
At large incident angles, the elytral color changes to blue.

As shown in the previous section, the outer surface of
elytra comprises an array of hexagonal pits. The observed
specular reflection comes dominantly from the regions that
are perpendicular to the elytral surface normal, namely, the
ridges and basins. The contribution from multiple reflections
should be very small since the pit dimension is much larger
than visible wavelengths. In other words, the observed re-
flection peak is a superposition of reflections from both the
ridge and basin regions, eventually leading to a mixed color.

IV. NONSPECULAR REFLECTION

The regions that are perpendicular to the elytral surface
normal give rise to specular reflection. Nonspecular reflec-
tion is expected since the elytral surface is uneven. Specifi-
cally, the inclined sides of pits can produce nonspecular re-
flection. As a result, for a fixed incident angle, we cannot
only observe specular reflection from the ridges and basins,
but also nonspecular reflection from the inclined sides.

Figure 5 shows the measured reflection spectra for an
elytron at normal incidence as a function of wavelength and
emergence angle. At normal incidence, specular reflection
occurs at zero emergence angle with a peak reflection posi-
tioned at about 520 nm. Obviously, a nonspecular reflection
band can be seen. The intensity of nonspecular reflection is
smaller than that of specular reflection. For normal inci-
dence, nonspecular reflection occurs mainly at emergence
angles that are smaller than 20°. Nonspecular reflection de-
creases with increasing emergence angle. At small emer-
gence angles, nonspecular is dominant at about 520 nm, but
it is dominant at shorter wavelength at large emergence
angles.

V. DISCUSSIONS

The outermost surface of elytra comprises a sculpted
multilayer. This multilayer gives rise to structural coloration

(a)

(b)

FIG. 2. SEM images of elytra. �a� Top view of the outer elytral
surface. The elytral surface comprises of an array of hexagonal pits.
�b� Transverse cross section of the outermost elytra surface. Scale
bars, �a� 10 �m and �b� 5 �m.

(a)

(b)

FIG. 3. TEM transverse cross section of �a� the ridge and �b�
basin regions of the outermost elytra. Scale bars, 0.5 �m.
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FIG. 4. �Color online� Normalized specular reflectance spectra
of elytra at different incident angles.
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and iridescence due to thin-film interference �35�. For a flat
multilayer with alternating refractive indices, the wavelength
of peak reflectance is given by

�max = 2�n1d1 cos �1 + n2d2 cos �2� , �1�

where n is the refractive index, d is the layer thickness, and
� is the angle of refraction. The subscripts represent the layer
index. The angle of refraction at different layers �1 and �2
can be obtained from Snell’s law

n1 sin �1 = n2 sin �2 = sin �0, �2�

where �0 is the incident angle from air.
With the layer thickness parameters given in Sec. II, we

can determine the wavelength peak reflectance. A refractive
index of 1.56 is assumed for chitin, taken from Ref. �11�, and
the melanoprotein layer has a refractive index of 2.0, taken
from Ref. �1�. In the ridge region the estimated wavelength
of peak reflection at normal incidence is 545 nm, leading to
a green color, which is consistent with the observation from
the optical microscope. The estimated wavelength of peak
reflection in the basin region is 507 nm at normal incidence,
corresponding to a cyan color. The mixing of the two colors
produces the perceived bluish green coloration.

As shown in Fig. 4, elytra display distinct iridescence
which can be easily understood from Eq. �1�. With increasing
incident angle, the wavelength of peak reflection from both
the ridge and basin regions undergoes a blueshift in wave-
length. At the incident angle of 30°, the predicted wavelength
of peak reflection from the ridge and basin becomes 522 and
486 nm, respectively, leading to blue coloration. The wave-
length of peak reflection from the ridge and basin is shifted,
respectively, to 472 and 440 nm at the incident angle of 60°.
At large incident angles, the wavelength of peak reflection
from the basin resides in violet.

Structural coloration in many beetles takes advantage of a
flat multilayer �6,7�. However, the elytra of beetle Chloro-
phila obscuripennis possess a sculpted multilayer. Sculpted
multilayers were also found in tiger beetles �9� and butter-

flies �12�. The elytral surface morphology due to the sculpted
multilayer can produce the following optical effects.

For a flat multilayer, its peak reflectance is rather high,
leading to bright structural coloration, which can be found in
many beetles �6,7�. In beetles Chlorophila obscuripennis, the
elytral surface comprises an array of hexagonal pits. As a
result, the effective area for specular reflection is much
smaller than that of a flat multilayer, leading to an incon-
spicuous structural bluish green color. The adoption of this
inconspicuous bluish green color is more advantageous for
camouflage against green backgrounds, especially on diffuse
leafy surfaces.

The average thickness of bilayer in the sculpted
multilayer is different in different regions, leading to differ-
ent structural coloration: the ridges appear green and the ba-
sins display a cyan color. However, these individual colors
cannot be resolved by the naked eye. As a result, we can only
perceive a mixed bluish green color. Such spatial color mix-
ing has been reported in tiger beetles �9� and butterflies �12�,
and it is also used in color television, printing, and pointillis-
tic painting.

Another important feature of the sculpted multilayer is the
inclined sides of pits. For a flat multilayer, only specular
reflection can occur. For a sculpted multilayer, however, both
specular and nonspecular reflections can be expected. Inter-
estingly, nonspecular reflection, produced by the inclined
sides, can give rise to light emergence at directions that differ
from the reflected angle. Consequently, structural color can
be perceived in a much wider range of viewing angles. This
feature may be of significance in signal communications and
conspecific recognition.

In the wing scales of the Indonesian male Papilio palinu-
rus butterfly �12�, their surface comprises a regular array of
squarelike pits. The sculpted multilayer was found to pro-
duce a yellow color at the basins and a blue color at the
inclined sides, causing a mixed green color. In beetles Chlo-
rophila obscuripennis, however, the inclined sides produce a
dull blue which gives a minor contribution to color mixing.
The production of a blue color at the inclined sides in Papilio
palinurus butterfly lies in double reflection by a pair of or-
thogonal surfaces inclined about 45° to the scale surface. At
normal incidence, reflected light from one inclined surface is
directed across to its adjacent inclined side, where it is re-
flected back to the incident direction. In beetles Chlorophila
obscuripennis, the inclined angle is, however, much smaller
than 45°. Moreover, the pits have a hexagonal profile. At
normal incidence, double reflection cannot cause light emer-
gence back to the incidence direction. However, at oblique
incidence, we can still observe a dull structural color pro-
duced by the inclined sides. This can be seen from Fig. 1
where the inclined sides display a dull blue color due to the
fact that incidence is not exactly normal in optical micro-
scope observations.
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FIG. 5. �Color online� Relative emergence intensity as a func-
tion of wavelength and emergence angle at normal incidence in the
color-scale form. The emergence angle is defined as the angle of
reflected light with respect to the elytral surface normal.
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