
	  

Fig. S1. Experimental setup of propeller–force-plate apparatus. Several motors were interchanged (see Materials 
and methods) to spin a single wing-mount over both chukar and mallard ontogenetic series at in vivo speeds 
converted to revolutions min–1 (Table 1). Force and torque were measured about the z-axis and converted into 
coefficients of lift and drag, respectively. Wings were positioned upside-down and a cowling was placed over the 
force sensor to reduce the effect of downwash on the force plate readouts.



Fig. S2. Force (mN) traces from spinning mallard wings as analyzed using Chart (v.5.2, ADInstruments, Colorado 
Springs, CO, USA). The raw signals have been filtered using a 1 Hz digital low pass filter. Blue, vertical force, 
lift; red, horizontal force, drag. Grey indicates the region of data measured during the test. Measurements avoided 
transient forces at start and stop of activity. Because sample intervals were ≤10 s, the digital filter had no effect 
upon mean force. (A) Day 30; (B) day 60. The scale in A was chosen for improved resolution for this figure only; 
torque during motor onset and offset resulted in drag values outside the chosen scale, but data recording was 
continuous and well within the range of the equipment.



Fig. S3. Raw force plate data are displayed from an individual (day 50) mallard. (A) All signals for lift were 
filtered at 1 Hz low pass. The key shows the active angle of attack (deg) for each run. (B) All signals for drag were 
filtered at 1 Hz low pass (key as in A). (C) Lift data for day 50 at 24 deg a (active), showing unfiltered and filtered 
(1 Hz low pass) data. (D) Drag data for day 50 at 24 deg a (active), showing unfiltered and filtered (1 Hz low pass) 
data.


