The Bobcat and the Rabbit
A rabbit has been nibbling on the young shoots at the edge of a forest clearing.  Suddenly, it takes alarm and leaps upward, only to be met by a bobcat crashing down on it.  How do we best describe and interpret this event?

 “Clearly,” says the ecologist, "we are looking at a small sector of an ecosystem—specifically a portion of the food chain that involves a secondary heterotroph (bobcat) catching a primary heterotroph (rabbit), in turn feeding on an autotroph (green plant).  Solar energy captured by the green plant is being transmitted and partitioned within an ecosystem.” [i.e., from plant to rabbit to bobcat.]
"All true," says the organismal physiologist, "but let's look below the surface!  Behavior is not just what you see in looking at whole organisms.  Let’s get some recording electrodes on that rabbit and find out what really is going on.  Now, did you notice that volley in the sensory nerves just before his head goes up?  It shoots right into the central nervous system, up the ascending tracks, through a relay in the hypothalamus, and radiates upward into the cortex.  I don't yet know everything that goes on there, but somehow there is an integration of the incoming signals, and out comes a descending volley.  It zooms down the spinal cord and out the motor neurons; the muscles contract and – leap!  That’s what really goes on during that split second of terror; you have to get down to the level of the nervous system to make real sense out of that interaction."

Now the cell specialist moves in.  "I see that you physiologists are still fussing with the complicated pathways of the nervous system.  You'll never get to the bottom that way.  Look for a shortcut.  Those neural pathways are chains of cells with switching devices at the junctions between them.  What are the exchanges of substance and energy in the switches?  Understand the cells and the switches, and you have the key to the whole business."

 “Actually,” says the electron microscopist, “those switching junctions look pretty interesting, but my electron micrographs show that they are only a special case.  They show the same structural elements that  are present in cell surfaces in general, and they look as though they are engaged in similar sorts of activities.  I doubt that we will really understand the specialized and complicated neural junctions until we have a better idea of how the cell surface works in simpler situations.  I’m concentrating on that and am finally beginning to get somewhere.”

 “That’s fine,” says the biochemist, “but you won’t understand the operation of the cell surface—or any other organelle—until you know its molecular composition and behavior.  You can talk all you want about chains of cells and interactions between them, but it won’t make sense until you know the behavior of these things at the molecular level.  Actually, you know, the nervous system is not too favorable for studying this; much more progress has been made with muscle.  Contraction was a mystery until it was shown that muscle contains the two proteins actin and myosin, neither of which contracts by itself, but which in combination form fibers that can be made to contract.  Once you have captured a system like that in a test tube, you have a chance to learn something!"

"I agree," says the biophysicist.  "With muscle we're finally getting close.  Let me say, though, that we haven't yet discerned what really happens in contraction.  There is a transformation of chemical energy into mechanical energy; presumably, energy-rich bonds are broken in some favorable spatial relation to chemical groups that can use the energy for coupling.  However, the whole problem of energy transfer is a little complicated to follow in contraction and probably is not fundamentally different from other situations that are easier to follow.  For example . . . .”

The voices trail off, as we try to regain focus on the startled rabbit in his death leap.  Do we understand him best as a primary consumer in the food chain of an ecosystem, as an organism in stress, as an assemblage of signaling devices and energized levers, as a community of cells with socialized organelles, as a collective of highly ordered, large molecules whose interactions involve energy transfers of extreme delicacy?  Or do we need to choose among these alternatives?  Is the rabbit not describable and analyzable at all of these levels, and do we not require all of them for full conception?  Like the three blind men who inspected the elephant, our investigators, applying themselves each at a single level, developed different conceptions of the rabbit.  The leaping rabbit, however, is not their conception; it is the actual phenomenon.  Each conception deals with an aspect at a particular level, and each has its advantage and disadvantage, depending on our purpose.  Only in ultimate syntheses of all of the conceptions, including the elaboration of the interaction between the levels, will we recover the real rabbit. -Clifford Grobstein, in The Strategy of Life
