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Unambiguous evidence of brilliant iridescent feather color from hollow
melanosomes in an Early Cretaceous bird
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Various plumage colors are roughly
produced by pigment-based colors
and structural colors [1,2]. Brilliant
iridescent plumage colors (in which
the color changes depending on the
reflectance spectra of sunlight at different
viewing angles) greatly expand the range
of plumage colors and create colors un-
achievable by plants or other animals [1].
Iridescence is produced by light interfer-
ence with photonic crystals, which have
periodic changes in their refractive index
(RI). Iridescent plumage color is pro-
duced by coherent light scattering from
periodic ordered stacks of melanosomes
within keratin. Based on extensive
studies of the melanosomes in iridescent
feathers in extant birds, melanosomes
that create iridescent plumage colors
are broadly classified into four types:
solid cylindrical, solid flattened, hollow
cylindrical and hollow flattened [2–4].
The flat and hollow forms are found
exclusively in iridescent feathers [4].

Studies of fossil melanosomes give us
a unique opportunity to explore potential
patterns of melanosome diversification,
and help to reconstruct the evolution of
avian plumage color. Fossilmelanosomes
were first detected in preserved feath-
ers more than a decade ago [5], which
has enabled structural color to be de-
tected in extinct animals based on the
melanosome morphology and organized
arrays of melanosomes in regular and
nanoscale patterns (e.g. [6]).

Here, we further studied the nanos-
tructures of the melanosome sampled
from a Eoconfuciusornis specimen with

Scanning Electron Microscope (SEM)
and Transmission Electron Microscope
(TEM) analyses (for details on materials
and methods see Supplementary Data).
The fossil melanosomes are clearly visi-
ble as hollow rods with air holes that are
roughly circular in cross section (Fig. 1,
Fig. S1); however, due to taphonomic al-
terations somemelanosomes aremore or
less fused, resulting in themerged appear-
ance of air holes (Fig. 1B; also see Supple-
mentary Data). In most cases the cores
of individual melanosomes have lower
electron density than the exterior. They
appear to be randomly oriented, with
rodlets’ cross sections ranging from oval
to ellipse (Fig. 1C).The observed nanos-
tructures strongly resemble the hollow
melanosome type present in the irides-
cent feathers of somemodern birds, such
as African starlings, birds of paradise and
wild turkeys [7], representing the old-
est record of avian hollow melanosomes
(Fig. 1).

Compared to solid melanosomes
containing melanin with RI = ∼2.0
and β-keratin with RI = ∼1.58, hol-
low melanosomes introduce air with
extremely low RI = ∼1.0, and there-
fore produce brighter colors owing
to a higher RI contrast than the solid
melanosomes [3]. It has been shown that
birds with more complex melanosomes
and variable melanosome types forming
the photonic crystals could increase the
range of color variability [2,4], e.g. the
colorful hummingbirds that contain the
most complicated hollow and flattened
melanosomes [2]. Inmodern birds,mod-

ification of melanosome morphologies
causing additional interfaces between
high and low RI materials can further
enrich colorations that are associated
with radiations on some well-known
avian clades, for example, humming-
birds, birds of paradise, sunbirds and
trogons [2]. Further studies demonstrate
that the evolution of optically innovative
melanosomes positively affects the
accumulation of morphological disparity
and lineage diversification [2].

It is probable that the hollow
melanosomes in Eoconfuciusornis
evolved independently of those in
crown birds. In Eoconfuciusornis, hollow
melanosomes were found on the top of
the head, which is consistent with the
interpretation that coloration could be
additional evidence of ornamentation,
in addition to the tail feathers. There
is mounting evidence that the feathers
or feather-like structures discovered in
feathered-dinosaurs (including birds)
exhibit numerous morphotypes relating
to sexual display (e.g. [8] and references
in it), for example, the paired, elon-
gated tail feathers in Eoconfuciusornis
and Confuciusornis, the pennaceous
rectrices in Caudipteryx, the ribbon-like
tail feathers in Epidexipteryx and the
rectricial fan combined with elongated
central paired pennaceous plumes in
Yuanchuornis. The available fossil evi-
dence indicates that birds had diversified
globally by the Early Cretaceous [9]. In
addition to the appearance of skeletal
and other biological innovations [10],
the occurrence of hollow melanosomes
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Figure 1.Melanosomes from Eoconfuciusornis (STM 7-144) compared with the modern wild turkey.
(A) Dots indicate the sample locations for TEM analyses, and the hollow melanosome is collected
from the blue colored one. (B and C) TEM images of cross section melanosomes from Eoconfuciu-
sornis; the scale bar in (B) is 1000 nm, and that in (C) is 200 nm. (D) A male wild turkey,Meleagris
gallopavo. (E and F) TEM images of cross section melanosomes from M. gallopavo, adapted from
Ref. [7]. Scale bar in (E) is 1000 nm, and that in (F) is 200 nm. (G) Schematic drawings of the four
main types of melanosomes found in modern iridescent feathers. Red arrows in (B) indicate merged
air holes due to fusion of melanosomes.

in early branching avialans such as Eocon-
fuciusornis may have also contributed to
evolution through sexual selection, with
enhanced visual signals afforded by di-
verse plumage colors.
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