
Roo's qiant 
leap may 
indeed be 
effortless 

HAVE YOU EVER been struck by the 
apparently effortless ease with which 
kangaroos bound through the bush or 
across the open plain? 

Now a group of researchers at Monash 
Universrtv has found evidence that the 
kanga roo' s hop may indeed cost relatively lit­
tle effort. They believe kangaroos use a 
remarkable property of muscle - its 
elas ti city "'- which helps conserve energy 
w hen they hop at speed. 

A ccording to one of the members of the 
group , Dr Uwe Proske. a senior lecturer in 
ph ys iology. rec oi l o f elastic structures 
enables kangaroos to hop at high speed with 
m in imal energy expenditure. 

Proske explains that all animals - man in ­
cluded - utilise elast ic reco il. It operates 
through a combinat ion of muscl es and 
tendons. and. within a certain range of move­
ments. allows muscles. after being initially 
primed with energy, to recoil in exactly the 
same wa y as a pure spring. 

Proske has been studying elast ic recoi l in 
muscles and tendons in collaboration w ith Di 
Warren, a fo rmer M .Sc. student at Monash 
and Dr David Morgan, a former sen ior 
t eaching fellow in the department of 
electrical engineering 

Says Proske : "I had been studying the 
spring-like quality of muscle in a variety of 
animals. and had the idea that if animals 
m ade use of this, then th e best animal to 
study would be the kangaroo. Could we con­
side r a hopping ' roo as resembling a bounc­
ing ball? " 

Warren. a zool ogist became Interested In 
elasti c recoil as a means of energy conserva ­
t ion She had measured the amount of oxy­
gen consumed by a hopping kangaroo. and 
discovered that once the kangaroo was 
travelling above about 18 kilometres an hour. 
the amount of oxygen consu med {taken as a 
measure of energy expenditure} did not in ­
crease with further increases in hopping 
speed . 

" A possible explanation for this." says 
Proske , " w as that the animal was using 
elastic recoil of stretched muscles during 
hopping. It should be pointed out that 
kanga roo s increase hopp ing speed by 
lengthening st ride , keeping hopping fre ­

quency constant. We set out to ascertain 
whether we could provide a firm experimen­
tal basis for th e elastic recoil hypothesis." 

Proske says Morgan helped deveiop a sim ­
ple but ing enious msthod of distinquishinq 
between the spr ing-like quality of mu scle and 
of the tendon. by wh ich the muscle is at­
tached to the skeleton . 
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" By making measurements on the gas, 
trocnemius - a muscle In the calf of th e 
kan garoo and important In hopping - we 
found that over the range of movements oc­
curring during hopping, the mu scle . together 
w it h its tendon. did Indeed behave as a stiff 
spring. 

" The mai n contribution of our group was 
to recoqnise tha t Within a certain limited 
range of movement. the muscle behaved as 
an almost pur ely elasti c stru cture. and that 
this w as in large part due to the muscle 's 
very long. compl iant tendo n. 

" W e show ed th at the mu scle exhibited lit­
tle viscosity du ring an imposed st retch and 
most of the str et ch was taken up by the 
tendon. For the kangaroo . thi s mea ns that it 
is large ly recoil of the tend on which pro vides 
the lift for the take-off phase for the next 
hop." 

Proske says the elast ic reco il pr inciple ap­
plies to many different forms of an imal 
locomotion . .. the jum p of the flea , th e leap 
of the frog, the swish of the shark's tail , the 
galloping horse and the running athlete. 

" The basi c idea IS that muscles do work to 
move the limbs which then propel the animal 
forward. By means of elastic recoil. advan­
tage is taken of th e kinetic energy of move ­
ment. so that the muscles . need. next time, to 
generate proportionately less energy. 

" This can be seen most easily WIth a 
stereotyped movement like hopping. where. 
as the an im al lands. muscles which had con­
t racted to Initiate the previous take-off are 
stretched. 

" The elastic recoil of these st retched mus­
cles helps prov ide some of the energy for the 
next take -off Thu s. after the first hDP, all sub­
sequ ent hop s at that speed are energetically 
less costl y since they rely on recoil from 
str etch effe cted on land ing . 

" A simple analogy is the pogo stick - the 
springs recoil to provid e take-off and are 
compressed on landing - and the first hop 
of the pogo stick requ ires the greatest effort." 

Says Proske: "Because of the contribution 
of the muscle's tendon to elastic recoi I, It is 
probably an advantage for kangaroos to have 
such long hind limbs. 

" In the species of kangaroo we chose to 
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study. the qastrocn ermus muscle is about the 
same length as the equivalent muscle in 11( '"""1 
cat. but the tendon is four times longer than 
th at of the cat an indication that the 
kangaroo's muscles and tendons are uniquely 
desiqned to make the mo st effective use of 
ela stic recoil . 

" I t shou ld be pointed out that the 
biochemical processes which lead to the 
pro duc t ion of the required energy for locorno­
tion are ba srcallv Inefficient. Animals. 
therefore. make use of elastic recoil as one 
m eans 01 conservi ng energy. 

" Energy conservat io n is likel y to be an im ­
portant factor in determining the distribution 
and abundance of animals. and it is probable 
that by using elastrc recoil. kangaroos have 
been able to minimise their energy require­
ments and thereby. are able to exist in what 
is. for the most part, an arid and inhospitable 
continent. 

" It m ay well be that kangaroos thrive in 
Austra lia because of their m ode of locomo­
tion. which allows energy conservation 
thereby enabling th em to travel long di£ ""\ 
tances 10 their search for feed and water 

" Furthermore. Warren proposed that if 
kangaroos were to surv ive as animals which 
reared their young in pouches. then the up ­
TIght posture of hopping did seem the more 
su itable wa y of moving around. " 

Proske says there are experiments with 
humans whi ch reveal the effect of elastic 
recoil. 

He says : " For example. ask a man to hop 
IOta the air from a 'standing start' on the 
ground. Then ask him to jump off a chair 
before hopping into the air : jumping down 
from the chair will enable him to reach the 
greater height In the subs equ ent hop . Here . 
the man is using elastic recoil of muscles 
str etch ed on landing to give him an extra 
'kick'. 

" W hat I find particul arly satisfying about 
this kind of research is that it is possible to 
relate an animal 's gross behaviour - as in 
the case of the hopping kangaroos - directly 
back to what are. ultimately, the movements 
of sub-m icroscopic structures in the animal's 
muscles and tendons " 
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