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Beyond an ecological ideal gas law
A new modelling study highlights the importance of the search process in predator–prey interactions. When 
predators act on information related to prey location, the dynamics and stability of populations are more realistic.

James P. O’Dwyer

Every college ecology course introduces 
the Lotka–Volterra model, governing 
the way a population of predators 

interacts with its prey1,2. This approach 
to understanding the consequences of 
predation was developed in the 1920s — 
an exciting time for theoretical ecology 
— leading to many new mathematical 
formalizations of ecological processes. We 
now know that many of the assumptions 
in Lotka–Volterra must break down. For 
example, the parameters treated as fixed 
(like reproductive rates for prey) are in 
reality changing over time, due to prey food 
limitation or predator-induced stress3. But 
there is a basic element of predation that 
has been surprisingly under-developed in 
models of interacting populations: search. 
Writing in Nature Ecology and Evolution, 
Hein and Martin4 fill this gap by introducing 
a generalization of the predator search 
process that now incorporates sensory 
information, and show that it can be applied 
to a wide range of biological systems.

Predators have to find prey before they 
can eat, and the formulation of this search 

process in the original Lotka–Volterra 
model is analogous to random, Brownian 
motion. Individuals, like molecules in a 
gas, are assumed to bounce around their 
habitats in an uncorrelated, undirected 
fashion. Predation then occurs when two of 
these ‘molecules’ happen to collide. Holling5 
and others generalized the Lotka–Volterra 
picture by breaking apart the timescale 
governing search versus handling time 
(that is, the time taken to subdue a prey 
individual, eat, and then become hungry 
again). But the ‘search’ part in these 
generalizations is typically still treated as 
random. We know that this is unlikely 
in natural systems, but it has been hard 
to bridge idealized population dynamics 
models, like Lotka–Volterra, with the nitty-
gritty of what is actually going on when 
individuals interact.

Hein and Martin’s approach is based 
on what they term information limitation. 
Predator searching is random, up to and 
until the predator notices a signal indicating 
the location of a prey individual. Then, at 
a characteristic distance away from a given 

prey individual, search becomes target-
directed (Fig. 1). This signal could be smell, 
sight, or receiving a text message with 
your prey’s GPS coordinates. Whatever the 
mechanism, the idea that predators respond 
to information based on prey location is on 
its own not novel — but the authors identify 
a set of simple and important consequences 
of this information use.

First, the resulting predator–prey 
equations actually look similar to earlier 
phenomenological equations generalizing 
Lotka–Volterra (known technically as type 
III functional responses4). But here those 
generalizations can be understood in terms 
of information gathered during the search 
process, and parameterized using observable 
traits of the predator, like sensory scale or 
modality. Second, predator–prey models 
based on random search exhibit a peculiar 
phenomenon known as the ‘paradox of 
enrichment’, whereby increasing resources 
available to the prey species can destabilize 
the predator–prey interaction, leading to 
local extirpation. Hein and Martin show 
that information limitation enhances 
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Fig. 1 | Sensory information influences predator–prey interactions. a–c, Classic ecological formulations of predator–prey interactions often assume that 
predators and prey interact randomly, in a manner similar to molecules in a gas undergoing Brownian motion (a). In this scenario, it is as if both predator and 
prey receive no external information about each other’s whereabouts (indicated by the blindfolds), and predation only occurs when the movement trajectories 
of both predator and prey coincide (b). In their modification of this formulation, Hein and Martin4 incorporate sensory information on the location of prey into 
predator search behaviour (c), with search efficiency increasing with proximity to prey (indicated by magenta arrows that increase in size as prey direction 
becomes more targeted).
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stable coexistence of predator and prey, 
by qualitatively changing the response of 
predators to a decreasing (or increasing) 
prey population. This provides a negative 
feedback, leading to an intriguing set of 
predictions for when we should expect 
predator and prey to coexist. Finally, they 
show that information limitation can apply 
beyond consumer-resource systems, to 
a range of other biological applications, 
from host–pathogen interactions to plant–
pollinator dynamics.

Figuring out which details of an 
ecological process to keep, and which are 
not so important, is an ongoing challenge 
for ecologists. The Lotka–Volterra equations 
have provided a basis for multiple types 
of interaction, including predator–prey, 
but also competition, commensalism and 
mutualism. In all cases, these equations 
provide a kind of ecological ideal gas law 
— and while we know that adding more 
mechanisms to these models can make a 
difference to model predictions such as 
community stability6, it has been difficult to 

know in general how to take that walk down 
the spectrum towards more complexity. 
From Hein and Martin, we learn how 
information limitation can change classic 
predictions for predator–prey population 
dynamics and stability. But this is likely not 
the end of the story. As the authors point 
out, their model does not yet incorporate 
important mechanisms such as learning7, or 
spatially structured populations. And while 
predators in this model are searching with 
intent, there is not yet a role here for prey 
decision-making8,9.

That being said, the authors have 
identified novel consequences of 
information-limitation alone, allowing 
us to modify Lotka–Volterra models in a 
way that is informed by mechanism. The 
next challenge for theoretical ecologists 
developing predator–prey models will 
be to identify what is the right balance 
of simplicity and complexity, and which 
mechanisms are the most important to 
include. Too much complexity, and these 
models become unwieldy and difficult to 

parametrize. Too little, and we will still be in 
the realm of the ideal gas. ❐
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