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STRATEGY (Hummingbird Wrist Joints Rotate to Maintain Hover)
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(The wrist joints of the hummingbird enable hovering by rotating back and
forth.)
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(Birds are able to fly by flapping their wings up and down, which creates ‘lift.” This is because
the shape of the wing creates a lower pressure above and a higher pressure below, lifting the bird
upwards. Besides, when birds flap their wings, the downstroke creates the lift, while the upstroke
prepares the bird for the next downstroke. Insects, on the other hand, are able to use both their
upstroke and downstroke to create lift because they are able to twist their wings at their flexible
joints, which increases their acrodynamic efficiency. Most birds are unable to do this because
their muscle and skeletal joints are configured to allow a repeatable back and forth motion.
However, similar to the insect, the hummingbird is able to rotate its wings back to front at the
wrist joint to create lift during both the downward and upward stroke. The hummingbird is able
to maintain its hover due to the constant lift force created. To find out, the scientists moved
hummingbird into a wind tunnel and began recording. The hummingbird must fly into the wind
to get the sugar water. This high-speed footage shows how it turns and twists its body in the
direction of the air flow, while using its wings for control and its tail like a rudder to stay steady.




Even rain cannot stop the hummingbird from feeding. The will shakes off drops of water from its
body, like a wet dog.)

X Ek3] A (REFERENCES)

B ELECBKBARRGALT @ UFEBRRT > CPEEFOALALEFT L
EERH N PRGN ER - EHARCERY — ABMEBAFR OB L — TITELEIR
RAT Ao BB BFAR AL 100% 89 £ 2 X[ S ROE KA TAITIA L T5%WME 2 4% > £ EAT
B2 A 25%MEE £ 38]) 0 (A42005 % 6 A 23 B | Warrick DR, Tobalske BW,
Powers DR.)

A THEMER > Hedrick R Z@MIT FHRBET -8 & o 3 T “IREALB—EIFEK
P FHE AR RREHNGFRE - E0%E > B LEFA S8 > AR ERIN  aTH
R8T ° (nature.com | 2014 % 11 A 12 B |Ed Yong)

F BT 0 EE PR LBAARBRRBIRI 0 R ARBARBMME - Km0 RITH
HeBN A e B EAR A LA R BB B > T UURIRE R A 2 F R dh R R F 3R
e Rk MEBERITPRFABRBYGRBNAREL > BBEFEALETFHRE - (Z2XE
BB #9324F L A WA 2011 % 12 A 14 B | Hedrick TL » Tobalske BW * Ros IG °
Warrick DR > Biewener AA ° )

B R TAReE POt Afoh REN > URAGWEE o RIS RETIERMBT
ZATARBEA LR B QB R 2 E RN RHBOERER - I RO ESH THE
FHBAORR > LI H T ERRIHBORD - BEER > THEEAAWEA L Hiffz
% 150% - (2 X E &7/ 7% |2014 + 6 A 9 B |SonglJ, Luo H, Hedrick TL)

““Hummingbirds and insects have evolved for sustained hovering flight from vastly different
ancestral directions, and their distinct phylogenies underlie the differences in their acrodynamic
styles. In all other birds—and, presumably, hummingbird ancestors—the downstroke provides
100% of weight support during slow flight and hovering [hummingbirds today, produce 75% of
their weight support during the downstroke and only 25% during the upstroke].”

““To understand the difference, Hedrick recommends trying to mimic a bird by flapping your
arms. “You’re doing something not too different to what a seagull’s doing,” he says. To mimic a
hummingbird, “hold your upper arm close to your body with your elbow on your hip, and flap

your forearms back and forth”.

“‘In insects, active wing inversion must originate at the wing base because the wings have no
distal joints. However, flying vertebrates have muscles and skeletal joints throughout their wings
and may flex or rotate different segments according to aerodynamic demands. Thus, the source
of wing inversion in the hummingbird flight stroke remains uncertain but is hypothesized to

occur at the wrist.”’




““The simulation captures the lift and power characteristics in a stroke cycle and also details of
the flow field. Our result confirms and provides specific data for the lift asymmetry that was
previously suggested based on the measurement of the circulation around the wing. Furthermore,
we quantitatively analysed the sources of the lift asymmetry and pointed out the mechanisms
that lead to the asymmetry. Summarizing the results, the downstroke produces 150% higher

vertical force than the upstroke.’’
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