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the mechanics of the medial gastrocnemius muscle in the freely

property (Viidik, 1972), which allows the tendon to store energy. In addition, energy can be stored in the muscle fibres, but only over a very short length range. 
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THE MECHANICS OF THE MEDIAL GASTROCNEMIUS MUSCLE IN THE FREELY HOPPING WALLABY (THYLOGALE BILLARDIERII) BY R. I. GRIFFITHS* Physiology Department, Monash University, Clayton, Victoria 3168, Australia Accepted 19 June 1989 Summary Muscle force, electromyogram and length were monitored in the medial head of the gastrocnemius (MG) muscle in freely hopping wallabies (Thylogale billardierii Desmarest). During take-off hops from rest, MG muscle developed force with an isometric contraction. For constant-speed hops, force was produced in MG muscle during rapid stretch. The muscle resisted this stretch with a constant impedance that was independent of hopping speed. The rate of stretch of the muscle during high-speed hopping was as high as l m s " 1 (5-6 muscle lengths per second) at the onset of stretch and slowed to no stretch at the peak of force. Since the mechanical impedance was constant while the stretch velocity changed, there was no significant viscosity present in the muscle. The tendon stretched by 3-2% at 7 k m h - 1 hopping and by 4-4% at lSkmh" 1 hopping. Elastic energy storage in the tendons increased with hopping speed but the percentage of total work done by elastic recoil of the whole muscle did not increase at higher hopping speeds. The significance of the muscle stretch is in producing high forces rapidly and, in addition, there is considerable energy storage in the tendons.



Introduction Dawson & Taylor (1973) reported that red kangaroos (Macropus rufus) hopping on a treadmill did not increase their oxygen consumption as their hopping speed increased from 9 to 2 2 k m h - 1 . To explain this phenomenon, Dawson & Taylor suggested that as speed of travel increases so also does energy storage in the tendons and ligaments of the rear limbs and tail. Release of these increased amounts of stored energy through elastic recoil was postulated to reduce the energy requirements of locomotion as speed increased. The Achilles tendons, particularly large in the macropodid marsupials, were considered a major •Present address: Centre for Early Human Development, Monash Medical Centre, Clayton, Victoria 3168, Australia. words: locomotion, muscle stretch, stiffness, viscosity, tendons, elastic recoil.
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contributor. Such an increasing percentage of energy recycling would seem not to be generally true, since oxygen consumption increases with increasing speed of travel in a variety of quadrupedal eutherian mammals (Taylor et al. 1970, 1982), although the lion appears to be an exception (Chassin et al. 1976). For two reasons Dawson & Taylor's popular hypothesis can be questioned. First, gait character in cats is known to alter when they are travelling on a treadmill (Miller & Van der Burg, 1973; Stuart et al. 1973; Wetzel et al. 1975), as it does in humans (Nelson et al. 1972) and small ( 
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