Electronic Supplementary Material
Pitch-avoidance model

Applying Newton’s second law of motion (F=ma) and resolving the horizontal forces shown on the free body diagram (Fig. 1):
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and resolving vertical forces gives:
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where g is the magnitude of the acceleration due to gravity (9.81 ms-2). Resolving pitching moments about the centre of mass and making the reasonable assumption that there are no net pitching accelerations over a stride:
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where Lcaud, Lcran and Lleg represent the distance between hips and CoM, shoulder and CoM, and leg length respectively (Fig 1). 

Forces can be averaged over a complete stride cycle since maximum acceleration without a net pitch acceleration over the stride is the constraint. The maximum acceleration without an unresolved pitching moment occurs when the full weight of the animal is supported by the hind limbs. The maximum acceleration is then simply
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Similarly, the maximum deceleration achievable without an unresolved pitching moment is when the full weight of the animal is supported by the front legs so:
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Introducing Traction

In order to accelerate, the wheels of a motorcycle, or the feet of a quadruped, must be able to grip: traction presents a potential limit to acceleration. The minimum mean friction coefficient (min required for traction can be expressed as:
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This expression can be combined with the above derivation to find minimum mean coefficient of frictions required for two extreme powering configurations, hind-limb (or rear-wheel) and forelimb (or front-wheel) ‘drives’. In the hind-limb driven case,
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powering with forelimbs requires
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Under rapid acceleration the small amount of weight supported by the front legs means that they can apply only a small horizontal force unless the coefficient of friction is extremely high.

Greyhound Kinematics
Ten racing greyhounds in pre-race trials were filmed using high-speed video [250 frames per second, average resolution 70 pixels per metre; Troubleshooter HR (Fastec Imaging, San Diego, CA)] as they accelerated from the starting traps.   The camera was placed on a tripod positioned 20 m away from the track, allowing a 30 m length of track to be filmed.  The area filmed was calibrated using a calibration stick of known length, which was filmed throughout the camera field of view.  The length of the stick was then manually digitised using custom made LabView software to enable a continuous calibration throughout the filming volume and thus avoidance of the effects of parallax.  The centre of the number on each greyhound’s racing vest was taken to be a proxy for the centre of mass of the dog, and this was manually digitised in LabView.  The digitised location of this ‘centre of mass’ was reproducible to the nearest 2 pixels (3 cm).  Timings for foot contact were also recorded.

Digitised data were fitted with a mean square-error quintic spline (Walker, 1998).  Spline derivatives were computed from position data to obtain velocity data, and from velocity to obtain accelerations.  Both acceleration and velocity were calculated as the mean over the stride.  A stride was defined as the time from trailing front ‘foot on’ to ‘foot on’ of the first footfall in the subsequent stride.  Stride 1 for each dog was neglected, as dogs remained in the traps for part of this stride, thus obscuring the view of feet and ‘centre of mass’ (CoM). 

Movie 1. Video of the first second of a greyhound trial race. The unloading of the front legs is evident as forelimbs barely make contact with the ground during the second  stride (first stride is in the traps and obscured from view) and the trunk pitches up during hind limb contact. This is a 250 frames per second Quicktime video at 1280 x 256 pixel resolution.
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