The dynamics of decision-making by leech neurons.


Neurobiology of Decision-Making Meeting       CSH       24 May 2005
1. Animals make lots of kinds of decisions (#2): 


• whether a stimulus is food, a mate, or a predator....or of no consequence





   (attack)(approach)   (flee)

(do nothing)


• whether to leave, when to leave, how to leave.



--seems hierarchical, but might not be: if speaker doesn’t see me, I’ll leave 

2. The behavior I want to understand: how a leech decides to crawl or swim (#3,4)

3. How we study it:


• anatomy (#5)


• kinematics, semi-intact, isolated nerve cord (#6)


• swim, crawl motor patterns (#7)

4. “Command neurons”


• stimulate one cell, get behavior (#8); do get activated by appropriate stimuli.


• one explanation: are “decision neurons” for specific behavior (#9a)



--it follows that choice is inhibitory interactions among decision-makers (#9b)

5. Two problems:


• some “swim decision-makers” are also activated in shortening (#10)


• one cell can trigger swim or crawl (#11)



--context-specific: low water level, crawls; high level, swims.

6. Led to notion of combinatorial code (#12)

7. To test this notion, we recorded from many neurons at once with VSDs (#13)


• give stimulus that evokes swim, crawl roughly 50:50 (#14)


• record activity of all neurons on one side (#15)


• which ones make choice? Compare trajectories in swim, crawl (#16)


• go through a nice KB analysis, trajectories of all distinguish well (#17)


• one more step in the analysis, find cells that distinguish even earlier (#18, 19)



--one of these (cell 208) influences the choice (#20)

8. Conclude (#21): 


Many leech segmental neurons take part in both swimming and crawling.


About half have different activity in the two behaviors.


Only a few of them are different early—they may be the decision-makers.


Decision-making may depend upon dynamic interactions, 



among multiplexed neurons 



to make combinatorial decisions (#22)

