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rom the trafficking of intracellular cargoes to the flight of the wandering albatross, move- r ment is one of life's central attributes. All organisms have a - e n s i o a l  spatial con- 
text that is both internal and external., directed, organized motion, which creates as well 
as operates within this context, has been a prime target of natural selection from the dawn 
of evolutionary time. This special issue examines the principles of movement as ex- 
pressed at scales ranging from the subcellular to that of individual organisms, and in 

robots as well as in living creatures. 
At the root of all existence lies movement at the subcellular and molecular levels. Recent studies of 

molecular motors such as the proteins myosin and kinesin, which are not only responsible for muscle 
movement but are also involved in processes such as cell division and membrane tramport, have revealed 
how underlying similarities at the molecular structural level can generate a diversity of functional prop 

erties and mechanisms of converting chemical to mechanical energy. These ficlmgs 
are reviewed on page 88 by Vale and Milligan. These molecular analogs to motors are 
not the only way of controlling and organizing the movement of material within cells. 
As reviewed by Mahadevan and Matsudaira (p. 95), much has been learned about the 
polymeric analogs to other mechanical systems, especially springs and ratchets. Such 
systems mediate another sizable cross section of cellular activities, including fertiliza- 
tion, which can be governed by the dynamics of actin filaments in some instances. 

Of course, whole cells move too, with profound consequences for a host of physi- 
ologic processes, including development, when cells traverse the embryo to find their 
correct places. In a News story (p. 819, Gretchen Vogel reports that developmental bi- 

1 ologists, long facused on genetic signals rather than cell movements, are at last catch- 
ing glimpses of the molecules that prompt alls to move or 
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stay still at crucial moments in development. C O N T E N T S  , . 
At the level of the individual animal, the wealth of solu- 

tions to the problem of getting h m  point A to point El- N E W S  
-i3 running, jumpin%, flying, diVh2-h ken 80 Biologists and Engineers 
keenly explored by natml historians and biomechanicists Create a New Generation of 
for centuries. Yet the past decade has been a particularly vig- Robots That imitate Life 
orous period for biomechanics, propelled not only by an un- Better Than Nature Made It 

' 

'2 precedented harnessing of computing power and the run- Making a Robot Lobster Dance 
dmlo~ment of mbnics, but also by a growing qm 8 3 In Natum, bimls Stop ciation of the feedbacks between animal sensory and loco- 

motory systems and of the parallels between different types of loco- and Start Win the Race 

motion (see the Review by Dickinson et al., p. 100). Studies at the inter- 86 Tracking the Movements That 
faces between behavior, physiology, and motion, employing ever more in- 

- Shape an Embryo 
genious methods, are also yieldmg remarkable new insights. For example, . - , Neural Crest's Joyride 

the Report by Williams (p. 133) reveals the stop-and-start behavior of dolphins , 
Through the Embryo 

and other marine mammals, including the world's largest animal, the enigmat- 
, , , , . : , 

PA c E ic blue whale. A ~1atedNews story @. 83) by Elizabeth Pennisi discusses these 
1 0 0 fidings, which are among the most dramatic of a series of recent discoveries 88 The Waylhings Move: Looking 

concerning the diverse advantages gained by moving intermittently. ; Under the Hood of Molecular 
Mechanical creatures may also help illuminate the principles of motion, Motor Proteins 

as reported in the News story by Gary Taubes (p. 80). As biologists learn R. D. Vale and R. A. Milligan 
from a new generation of robotic lobsters, moths, flies, and fish, roboticists 95 ~ ~ ~ i w  by supra- 
are deliberately modeling their creations on natural principles. Not since the , . , ,hulaf spdngr and Rat&& 
bid's wing gave us the airfoil has the application of natural knowledge in '. . L Mahadevan and P. Mabudaira 
this area looked so promising. 

The study of motion is one of those rare and challenging disciplines 1 ,00 How Animals Mow: An Inte- 
draws together the biological, the chemical, and the physical, and it holds grative View 

endless fascination for the pure and applied scientist alike. We can predict I M. H. Dickinson et al. 

many fiuitfhl collaborations in the future and expect many surprises. See also Report onp. 133. 
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