Hippocampal Sequences and Model-Based Planning in the Rat
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I. Introduction

• Humans and animals construct internal models of the world around
them, and use these models to guide behavior. This is referred to as
“planning”, and its neural mechanisms remain poorly understood.
Planning has been proposed to depend on hippocampal sequences, in
which place cells “sweep out” trajectories through space while an
animal is at rest (Foster & Knierim, 2012; Mattar & Daw, 2018).
• Previously, we introduced a planning task for rats suitable for neural
recordings, and showed that activity in the hippocampus is necessary
for planning in this task (Miller, Botvinick, & Brody 2017). Here, we
report neural recordings in the hippocampus. We find that cells code for
states of the task, and these states can be reconstructed from
population activity. We also find that sharp-wave ripples occur primarily
after reward, and there is evidence of replay events that may support
planning.

V. Sharp-Wave Ripples Occur After Reward

III. Hippocampal Activity Tiles State Space
•
•
•
•

• Sharp-wave ripples (SWRs) are known to occur during sleep or awake immobility
• Compressed sequences of events experienced during behavior has been shown to occur
during SWRs, which has led to its hypothesized role in updating action-outcome
sequences during model-based planning

Tetrode recordings in CA1 of the dorsal hippocampus
40% of putative pyramidal cells show activity during task performance
The activity of these cells tiles the state space of the task
Reminiscent of "place cell" coding, but at compressed spatial scale

• SWRs primarily occur
following rewarded trials,
evidenced by increased
number and rate

• The majority of SWRs occur
after entering the outcome
port where the animal
received reward. Little to no
SWRs occur during the trial

II. Planning Task for Rats

VI. Evidence of Replay Events
• Previous work shows "preplay" and "replay" of state trajectories
during SWR events
• Reconstruction of neural activity during SWRs reveals evidence
of forward and reverse replay events of the task
• More work is being done to identify significant replays and to
quantify their content on a trial by trial basis

Probability

Probability

• Bayesian decoding allows for reconstruction of task events given the neural activity

Population CPD (%)

• Rats switch choices to follow reward probability changes
• Pattern of choices consistent with planning strategy (data not shown)
• Inactivating dorsal hippocampus impairs behavior, specifically
attenuates planning

Population CPD (%)

IV. No Strong Encoding of Value
• CPD (Coefficient of
Partial Determination)
is a measure of the
strength of encoding
that works in the face
of correlated
regressors.
• Port location and
reward are primarily
being encoded by
hippocampal activity,
with very little value
coding in comparison

VII. Conclusions and Directions
• Hippocampal cells code behaviorally relevant states in our chamber-based task in a manner
reminiscent of "place cell" coding in large arenas.
• SWRs occur primarily following rewarded trials, and there is evidence of directional replay
during these SWRs which may play a role in planning.
• Testing deeper hypotheses (trial-by-trial relationship of sequences to behavior,
forward/reverse replay, etc) will require recording larger simultaneous ensembles. This
work is underway. Future directions include: Moment-by-moment decoding analysis during
SWR events, trial-by-trial modeling of behavior, relationship of theta sequences to
behavior, causal manipulations of sharp-wave ripples.

