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Birds remove excess lipids and ectoparasites from
the plumage by dust bathing. While dust bathing,
birds dig the ground with their legs, spread loose
sand particles on their body, and shake the sand off
with their wings. This behavior is common in avians,
but the mechanism is unclear. In this study, we apply

videography and a mathematical

model

to
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Stochastic modeling of bird flocks: accounting for
the cohesiveness of collective motion. Journal of the
Royal Society Interface, 19:189, 2022.
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investigate the flapping frequency of dust bathing.
The flapping frequency scales with body mass to the
power of -0.13 (N = 32). An 88-kg ostrich flaps in
dust ten times slower than a 0.02 kg hummingbird.
The relationship between flapping frequency in dust
and the body mass is similar to the frequency when
birds flap their wings in the air. We use a cantilever
beam to model the wing. Larger birds have higher
moment of inertia and thus flap slower in the dust.
This study may shed light on eco-friendly
dry-cleaning technologies.
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Birds eliminate ectoparasites in feathers mostly by
preening, but preening does not reach birds” heads.
Specific bird species grow claws with several
indentations forming teeths, combined called a
pectinate claw. Previous studies hypothesized that
these species use pectinate claws to remove
ectoparasites for the head area, but the mechanics of
removal and other functions of the pectinate claws
are yet unknown. In this combined experimental
and theoretical study, we apply species measurement
and video-recordings to unravel the function of this
structure. We examined the claws of 18 bird species
from Yellow Bitterns to Gray Herons, spanning
15-fold in body weight as well as the video
recordings on birds scratching. The average
distance between each tooth, teeth height, and
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scratching period remain relatively constant across
species. We hypothesize that pectinate claws are the
optimal design for ectoparasite removal as well as
feather maintenance. We hope this study may help
develop new bio-inspired dry cleaning technologies.
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During the process of avian take-off, birds extend
their hindlimbs to exert sufficient force on ground
for take-off. The duration of take-off in birds starts
from reaching the lowest position to lifting off the
ground. Previous studies reported that the process is
related to the change of mechanical efficiency and
pre-storage of elastic energy in hindlimb tendons,
but the equation of motion is unclear. In this
experimental and theoretical study, we collect the
take-off high speed videos of 14 species. From a
19-g robin red breast to a 5-kg goose, the duration of
take-off is around 100 milliseconds. We model avian
take-off as a vibrational system, so the take-off time
is the inverse of the natural frequency determined by
the stiffness of the involved muscles. The stiffness
has similar values across species, so the predicted
take-off time is about the same. This study provides
a more comprehensive understanding of avian
mechanics and helps the development of
bio-inspired jumping robots.
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Juvenile flying fish fail to break the water surface
due to the surface tension while it tries to leap out of
water. The penetration process is highly correlated
with the fish size, but the critical size of the fish is
still unknown. In our experimental and theoretical
study, we release buoyant spheres under the water
surface to mimic juvenile flying fish. All spheres
float to the water surface at high speed, but the
penetrating process depends on the size of the
sphere. The critical diameter of the sphere for
breaking water surface is 5.2 mm. Spheres smaller
than this diameter fail to penetrate the water surface.
The phoenoma is the force balance between surface
tension, gravity force, and buoyancy force. The
predicted minimum diameter is around 2 mm, which
is one-third of the experimental results. The
inconsistency is possibly due to the surface
properties of the sphere. Understanding the leaping
process of juvenile flying fish probably shed light on
the design of micro aero-hydro vehicles.
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Collective behaviour can be difficult to discern
because it is not limited to animal aggregations such
as flocks of birds and schools of fish wherein
individuals spontaneously move in the same way
despite the absence of leadership. Insect swarms are,
for example, a form of collective behaviour, albeit
one lacking the global order seen in bird flocks and
fish schools. Their collective behaviour is evident in
their emergent macroscopic properties. These
properties are predicted by close relatives of
Okubo's 1986 [Adv.  Bigphys.22,  1-94.
(doi:10.1016/0065-227X(86)90003-1)]  stochastic
model. Here, we argue that Okubo's stochastic
model also  encapsulates the cohesiveness
mechanism at play in bird flocks, namely the fact
that birds within a flock behave on average as if they
are trapped in an elastic potential well. That is, each
bird effectively behaves as if it is bound to the flock
by a force that on average increases linearly as the
distance from the flock centre increases. We
uncover this key, but until now overlooked, feature
of flocking in empirical data. This gives us a means
of identifying what makes a given system collective.
We show how the model can be extended to
account for intrinsic velocity correlations and
differentiated social relationships.
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