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ENERGY COST OF LOCOMOTION

· Modes of locomotion = swimming, walking/running, flying. The greatest differences in energy costs are due to the different physical properties of the medium through which travel occurs.

  1) support provided by the medium

  2) resistance to movement through the medium

· Swimming = near neutral buoyancy, so no energy goes into supporting the body; but high viscosity and density so high resistance.

· Running and Flying = must support the full weight of the body (running with solid support under feet, but flying must continually support weight in low density/low viscosity air); resistance is low.

SWIMMING – most efficient (MR/distance) mode of locomotion

1) To overcome high resistance of medium, aquatic animals with streamlined bodies; also most fish have swim bladders to control buoyancy.

2) MR increases curvilinearly with swimming speed. Relationship stays approximately similar at different temperatures.

(See Handouts)
RUNNING/WALKING – least efficient mode of locomotion

1) MR increases linearly with increasing speed (walking shows curvilinear relationship, linear for running). At low speeds walking costs less, but at a certain point, costs of walking > costs of running. Animals generally switch to running at this speed. (See Handout)
2) More expensive to move uphill than on a level grade; level grade > downhill (See Handout)
3) Optimal Running Speed = results from a tradeoff between increasing MR with increasing speed and increased distance traveled with increased speed. Optimal speed minimizes MR/unit distance (“best mpg”).

· Each gait has a curvilinear relationship, switch gaits when lines intersect

· Optimal speed occurs for each gait (minimum MR/distance). Animals normally move at speeds close to this optimum. (See Handout on Horse Gaits)
FLYING – more efficient than walking or running, largely because of higher velocities

I. Power Output (MR) vs. Speed

1) Theoretical predictions suggest a U-shaped curve with minimum power output at a certain speed (determined by aerodynamic considerations)

· Parasite Power = overcomes drag of body, increases with increasing speed

· Induced Power = supports weight of body, decreases with increasing speed

· Profile Power = overcomes drag of flapping wings, increases slowly with increasing speed

2) Wings in all flying animals except the smallest insects have an airfoil shape ( produces the highest lift:drag ratio of any structure
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3) Speed at minimum power does not equal the most economical speed (maximum range per power output). Vmr is higher than Vmp, and does not change much over a range of speeds. (See Handout)
4) Actual MR vs. speed curves for birds do not conform well to predicted curves in many cases. (See Handout)
· This may be related to the fact that birds maintain constant wingbeat frequencies over all speeds, only amplitude varies with speed. 

· Also, since fliers expend energy for physiological processes (e.g., increased heart and breathing rates), other than just overcoming aerodynamic drag, this expenditure may contribute to observed differences.

· Finally, it is difficult to get birds to fly at very low speeds, so we may just be missing the initial portion of the curve.

· Long-distance flights usually conform closely to Vmr.

COST OF LOCOMOTION VS. MASS

· For all modes of locomotion, the metabolic cost of locomotion (MR/g/km) decreases with increasing body size. (See Handout)
· This means that it is more expensive for a small animal to move a given distance than it is for a large animal to cover the same distance.

· In addition, MR increases more rapidly with increasing speed in small animals than in large animals. This means larger animals can travel faster than small animals. (See Handout).

Airfoil has convex upper surface and concave or flat lower surface.


Air must travel farther over the upper surface than the lower surface, so it moves faster over the upper surface.


The faster the air moves, the lower the air pressure, so air pressure on top is lower than on the bottom, thereby producing LIFT.





LIFT








