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an environment can be conceptualized as a‘patch’; the key
difference is in whether or not the forager’s activity impacts
the resource availability in the landscape. As a decision pro-
blem, both are sequential choice processes, so the forager
does not make a choice between discrete alternatives that
are presented simultaneously, but rather only receives evi-
dence from the current patch and must decide whether to
stay or go [15]. Thus, habitat choice and patch leaving are
related but differ in the length and time scales involved
(figure 1a). However, most theoretical work has considered
these two problems separately.

Regarding habitat choice, the optimal behaviour is clear: the
forager should locate and spend as much time as possible in
the habitat patch that maximizes fitness outcomes. Observa-
tional studies of habitat choice often consider the combined
effects of multiple factors to ask how well they predict observed
habitat use (e.g. [16]). Theoretical and experimental studies have
investigated multiple factors, such as density-dependent effects
predicted by the ideal free distribution when there are multiple
foragers on a landscape [17] and how perceptual constraints
may lead to deviations from optimal choices [18]. Our focus
here is specifically on understanding an accumulation process
by which individuals use information to reach decisions on
habitat choice, and deriving this result in a mathematically tract-
able model that can more precisely parameterize strategy and
performance in a wide range of environments.

Patch leaving considers shorter time scales, where the for-
ager substantially depletes the patch during its visit and must
subsequently decide when to leave the current patch in
search of another. A basic result in behavioural ecology, the
marginal value theorem (MVT), states that an animal can
optimize the resource intake rate by leaving its current
patch when the estimated within-patch resource yield rate
falls below the global average resource intake rate of the
environment [19]. While this theory has been validated in
multiple behavioural studies [20 –29], it does not explicitly
indicate how beliefs about environmental features (e.g.
resource distribution) are accumulated over time or how

decision rules might be applied to these beliefs in the form
of concrete dynamical equations. To explain how foraging
decisions are shaped by the presence and reduction of uncer-
tainty based on resource encounters, it is useful to have
normative Bayesian models of patch leaving that ask how
animals use limited information to make foraging decisions.
However, those that do tend to consider a narrow range of
environmental conditions [30,31–46]. General models that
have been proposed are challenging to analyse mathemat-
ically [47], making it difficult to reveal how environmental
parameters shape an optimal forager’s strategy and yield in
many different environments.

The aim of our study is thus to develop a Bayesian frame-
work of foraging behaviour, treating decisions as a statistical
inference problem and connecting normative theory of foraging
decisions with mechanistic evidence accumulation models [48].
Normative strategies provide a best-case scenario for a parti-


























