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Sexual selection and the evolution of dinosaur flight
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Fig. 1. A Confuciusornis couple: a presumed mail with long ribbon tail feathers
(Left) and putative female without (Right). Photo courtesy of Zhonghe Zhou.

“The sight of a feather in a peacock’s tail, whenever | gaze at
it, makes me sick!” Charles Darwin wrote to Asa Gray in April
1860 (1), less than 6 mo after he published On the Origin of
Species. Although Darwin was notoriously prone to stomach
pains and countless other ailments, this particular ache was
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metaphorical. In the flamboyant train of the peacock—its
shimmering blue and green tail feathers longer than its
body—Darwin saw an outrageous structure that had no
obvious advantage in finding food or escaping predators.
He could not comprehend how such a thing could evolve
through natural selection, the mechanism for change over
time that he so thoughtfully articulated in his new book.
Perhaps, Darwin surmised, beautiful feathers and other
gaudy structures developed because they helped promote
reproduction, a process he called “sexual selection” (2). In a
new study in PNAS, Zhou et al. identify a fossil analogy to
the peacock’s tail: a pair of long ribbon-like tail feathers in
an extinct bird called Confuciusornis (3). In doing so, they
show that sexual selection has shaped the evolution of birds
for over 120 My (Fig. 1).

Darwin eventually came to admire the peacock’s tail, as
an emblem of his new idea of sexual selection. In 1871 he
published another blockbuster book, usually referred to
today by the first part of its title, The Descent of Man, because
it forcefully argued why humans should be considered as
part of the animal kingdom. But the often forgotten second
half of the title, Selection in Relation to Sex, spoke to the book's
other major theme: how sexually selected traits improve an
individual's ability to acquire mates, either by making that
individual more attractive to potential partners, or better able
to compete with its rivals in the mating game. At first, Darwin'’s
ideas were controversial (4), but they became accepted over
time. Debate has continued about how sexual selection
works: do sexually selected traits—which are often big and
bold and colorful—operate by signaling underlying fitness to
potential mates, or are those mates simply drawn to the
beauty of the ornaments (5, 6)?

Birds are champions of sexual selection. Among the more
than 10,000 modern-day species are many examples of
extravagant plumage that seem to serve no purpose other
than sex. Aside from Darwin’s peacocks, consider birds of
paradise with pompous feathers streaming off their heads
and tails or great argus pheasants whose tail fans are cov-
ered with hundreds of pseudo-eyes, or the kaleidoscope of
colors in tropical birds (6). That's not to mention the riot of
mating dances and rituals and songs, which can also be prod-
ucts of sexual selection (6).
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How, then, did sexual selection become such a force in
avian evolution? To address this question, we must look to
the fossil record. Birds evolved from dinosaurs (7, 8), and
many dinosaurs had fanciful structures that probably served
arolein display and mating, from the horns of Triceratops to
the head crests of duck-billed hadrosaurs (9). Furthermore,
many early birds and their close theropod relatives had a
rich variety of feather colors and shapes, which were prob-
ably involved in display (10). However, were any of these
things actually shaped by sexual selection?

In their new study, Zhou et al. present an
impressive attempt to identify both sexual
dimorphism and sexual selection in the
dinosaur-bird fossil record

Even more fundamentally, how might we identify sexual
selection with the fossils we have (11)? One potential signal
of sexual selection is sexual dimorphism: when males and
females exhibit a marked difference in body size or other
anatomical features. Dimorphism is sometimes treated as a
necessary condition for inferring sexual selection (12). With
dinosaurs, however, it is difficult to even distinguish males
and females (13, 14). The biggest problem is low sample size:
most dinosaur species are known from a single fossil, and
even the best-studied ones like Tyrannosaurus and Triceratops
from usually only a few dozen decently preserved skeletons.
This is simply not enough information to rigorously identify
differences between males and females.

In their new study, Zhou et al. present an impressive attempt
to identify both sexual dimorphism and sexual selection in the
dinosaur-bird fossil record. They focus on Confuciusornis, a
Cretaceous-aged primitive bird from China, known from hun-
dreds of well-preserved skeletons—bones, feathers, and all—
entombed in lake sediments choked by the ash of volcanic
eruptions, similar to how humans and their dwellings were
rapidly buried at Pompeii (15). Previous workers had noticed
that many Confuciusornis specimens have two long tassel feath-
ers stretching far behind their bodies, whereas others do not,
even in cases where the wing and body feathers are exquisitely
preserved. One tassel-less fossil was found with medullary
bone—a special tissue transiently formed in the bones of
females as a calcium reservoir for shelling eggs—which sug-
gests that these less-adorned individuals are females, and by
extension, the fancy-tailed ones are males (16). However, this
hypothesis remained to be tested with a large statistical anal-
ysis of hundreds of Confuciusornis specimens.

Zhou et al. compiled an expansive dataset of Confuciusornis
fossils and measured their skeletal proportions and esti-
mated their body sizes. They find that those individuals with
long tail feathers were significantly heavier in mass, on aver-
age, than those without the feathers. The ornamented indi-
viduals also have a longer hind limb and larger palm of the
hand, relative to body mass, which was underpinned by sig-
nificantly higher growth rates in those bones. The orna-
mented and un-ornamented individuals began life by looking
similar to each other, but then those with the ornate feathers
gradually developed longer legs and bigger hands.

Taken together, this is clear evidence for dimorphism in
Confuciusornis. Around half of the known individuals have long
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tail feathers, and it's these animals that have heavier bodies
and longer legs and hands. The other half lack a lavish tail
and have smaller bodies, legs, and hands. Coupled with the
prior evidence from medullary bone, these differences in
body size and shape between Confuciusornis with and without
ribbon feathers led Zhou et al. to support the identification
of long-tailed individuals as probable males and unorna-
mented ones as putative females. Although this sexual dimor-
phism doesn't prove sexual selection, the simplest explanation
is that those ridiculous tail ribbons in the male Confuciusornis—
which are so long and skinny that is hard to
imagine them serving an aerodynamic benefit—
were sexually selected features integral to mating
and reproduction.
Itis a convincing argument, buttressed by sta-
tistical analysis of a large dataset unparalleled for
a Mesozoic dinosaur. However, it is not truly surprising. After
all, many modern birds—most obviously those peacocks and
birds of paradise and pheasants—use their ostentatious tails
as display devices, fashioned by the powers of sexual selec-
tion (17). In many modern birds—but by no means all—males
are substantially larger than females, although the interplay
of sex and body size depends on so many things, from mating
strategies to investmentin egg production and parenting. It's
also easy to draw parallels with extant birds to understand
why longer limbs in males could impart greater stride length,
running speed, and locomotory performance, enhancing
their abilities to defend larger territories, gather more food,
and outcompete rivals for the affection of their mates (18).

If somebody identified a new species of modern-day bird
in which males had prettier tail feathers, larger bodies, and
longer legs than females, this wouldn't raise an eyebrow. But
that precisely is the point. Zhou etal. have unveiled a
120-My-old bird with the same type of sexual dimorphism
and sexually selected features that are familiar in today’s
birds. Despite its basal position on the bird family tree, its
retention of many primitive “dinosaur” holdovers like sharp
claws and a small breastbone, and its rudimentary flight abil-
ity, Confuciusornis was forged by the same processes of sexual
selection that operate in birds today.

Some of the earliest birds, therefore, were using their
feathers for sexual signaling. The implications of this reali-
zation, however, may be even grander. Could sexual selec-
tion explain how some dinosaurs started to fly in the first
place?

Dinosaurs (or their ancestors) initially acquired feathers
for reasons unrelated to flight, as the first feathers were
simple fuzz-like bristles, probably helpful in regulating body
temperature, but as useless for aerial pursuits as our own
heads of hair (10). Many dinosaurs, maybe even most,
sported these basic feathers. Some derived theropods, how-
ever, elaborated those simple feathers into larger, branch-
ing, vaned quill-pens that lined up along the arm (and in
some species, the legs and tail). These dinosaurs invented
wings. Because birds use their wings to fly, we might assume
that wings evolved for flight. The fossils, though, hint at a
more subversive story. The wings that appear earliest on
the dinosaur family tree, in theropods like ornithomimo-
saurs and oviraptorosaurs, were small—too small for flying
(10, 19, 20). If these sheep-to-horse-sized dinosaurs flapped
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their incipient wings, any lift or thrust would have been so
minimal that their bodies would fail to get airborne.

Why, then, did wings evolve? We must remember that
today’s birds use their wings for many purposes, not only
soaring through the skies. Wings can be used to brood eggs
in the nest, to swim, and for display. Might the dinosaur ances-
tors of birds have also used their wings as sexual signals? It's
hard to prove, but there is compelling circumstantial evi-
dence: fossilized pigment-bearing melanosomes reveal that
many non-bird theropods had a palette of feather colors and
patterns (21). Some, remarkably, had iridescent feathers that
glittered in the sun. This has led some researchers to propose
that wings first evolved as display structures and were later
repurposed as airfoils (20, 22). It is a somewhat anecdotal
hypothesis, but Zhou et al.'s identification of sexually selected
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tail feathers in Confuciusornis adds important supporting evi-
dence. Sexual selection was indeed operating on Mesozoic
dinosaurs.

When imagining how complicated structures evolve, biol-
ogists since Darwin have often agonized about intermediate
stages. What adaptive value is half a wing? In the case of
dinosaurs, sex may hold the answer. A half-wing may not be
any good for flying, but plenty good for attracting mates and
intimidating rivals. Sexual selection may have even pushed
the development of bigger wings, as ever-larger advertising
billboards to woo mates. Then, at some point, the laws of
physics would have taken over as these billboards became
big enough to provide a bit of lift, a bit of thrust. Flight was
born—and if this scenario is correct, it was born inadvert-
ently, a byproduct of sexual selection.
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