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Subjective value guides rational foraging decisions in C. elegans (739C)
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Main point: Using principles of behavioral 
economics, we provide formal evidence that 
C. elegans exhibits value-based decisions. The 
olfactory neuron AWC is found to report changes in 
the subjective value of the local environment, setting 
the stage for discovery of the neural circuit for such 
decisions.

Economic methodology. The 
necessary and sufficient condition 
for value-based decision making 
is maximization of outcomes in 
decisions regarding a menu of 
trade-offs between pairs of goods, 
here chips and beer. Subjects are 
presented with a dozen such 
menus and the constellation of 
choices are assessed for degree 
of outcome maximization.  

Economic theory. It is assumed 
that subjective utility of each good 
(black curves) is combined to 
form a utility surface. Menus are 
appear as diagonal lines in this 
space. A subject is maximizing if 
and only if he selects menu 
options with the highest value on 
each line. However, as the utility 
surface is unknown, maximization 
is assessed in terms of transitivity 
relationships among choices. 
Choices a and c violate 
transitivity, indicating that they do 
not maximize outcomes.

Goods. Distinct species of 
bacteria with different qualities as 
a food source (good (G) vs. 
mediocre (M)) serve as economic 
goods. Differential preference for 
G over M can be strengthened by 
training which takes place as 
shown.

Price and consumption. The 
relative price of G and M food 
can be set by adjusting bacteria 
concentration, where dense and 
sparse bacteria are cheap and 
inexpensive, respectively. Food 
choices are quantified in terms of 
relative consumption, which is 
inferred from counts of 
pharyngeal pumps recorded 
electrically in a microfluidic 
feeding device. 

Price sensitivity of food 
preference. The fraction of 
pumps spent on G food increases 
as the relative price of G, indexed 
by concentration ratio, drops. The 
normal preference for G can be 
reversed by making G expensive 
(arrow). 

Maximization analysis. Here the 
data in Fig. 5 are  mapped into 
the utility space shown in Fig. 2. 
There are no transitivity violations 
in the data, indicating C. elegans 
foods choices are maximizing. 
This provides formal evidence for 
the claim of value-based decision 
making in C. elegans.

Behavior. The olfactory neuron 
AWC is required for value-based 
decision making in C. elegans. 
AWC fails to develop in che-36 
mutants. Preference for G vs. M 
food was measured in a 
miniature T-maze. Enhanced 
preference for G food induced by 
training in N2 worms is eliminated 
in ceh-36.

Calcium imaging in AWC. G 
and M food were presented at 
equal concentrations. The switch 
from G to M activated AWC, 
whereas the switch from M to G 
had no effect. At this relative 
price, G has more subjective 
value than M (Fig. 5). Thus, AWC 
appears to report changes in the 
subjective value of the 
environment.

Dynamics. AWC responds to 
food transitions on the time scale 
of individual head sweeps (4 sec/
cycle), fast enough to contribute 
to klinotaxis toward regions of 
higher subjective value. 

Effect of cost ratio on calcium 
transient amplitude in AWC. 
Amplitude increases as the 
relative price of G, indexed by the 
concentration ratio, drops. AWC 
fails to respond at the cost ratio 
at which worms prefer M to G 
(0.005), indicating a possible 
contribution of chemosensory 
neurons that remain to be 
identified in this behavior. 
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