CHAPTER FIVE

DO PLANTS THINK?

Believing is seeing

Even if you know almost nothing about art, you will have heard of the
Mona Lisa. She sits in the Louvre in Paris, smiling enigmatically at
visitors who approach to study her in detail. Painted by the polymath
Leonardo da Vinci at the turn of the sixteenth century, she is
undoubtedly one of the great masterpieces of Renaissance art. But it
is not purely her lifelike or aesthetic qualities that have made her so
famous and captivating. The “Mona Lisa smile” has intrigued people
for centuries, in part because we cannot quite determine what her
expression is. Her smile has been one of the most discussed topics
in art history: she intimates without revealing. And this mystery
speaks to something fundamental in the way we perceive the world
around us, which in turn tells us about how other organisms might
perceive it, too.

This ambiguity is not only held within the image itself. Whether
she is seen as seraphic, happy, wistful, pensive or otherwise has
much to do with what those looking at her bring to their interaction
with the painting. We see in her what we expect to see. Because,
from what we are learning in cognitive studies, how we interpret



faces is highly affected by how we feel when we look at them. If you
show a completely neutral face to experimental subjects alongside
mood-enhancing images, they will be more likely to interpret the face
as happy. Exactly the same face, shown alongside mood-dampening

images, will more likely be seen as scowling. Our own emotional
state determines the emotions we read into others around us, even if
those around us are not showing any emotion. Mona Lisa poses a
guestion to the viewer about themselves. Da Vinci’'s subtle virtuosity
left the question carefully unanswered so that, sphinx-like, she might
mystify all. The emotions she seems to be expressing are as varied
as those experienced by her visitors.

This idea is not limited to ephemeral emotions; it extends to
concrete things in the world, too. The way we interpret our
surroundings is partly driven by our expectations of what we will
encounter. Think of the well-known photograph of a Dalmatian dog
barely visible against a spotted background, taken by Ronald C.

James.? Readers familiar with the image will recall the difficulty in
trying to discern something that could be a picture. At first, it surely
looked like nothing more than a scattering of black and white
strokes, however hard you tried to make sense of it. But once you
have identified the Dalmatian dog among the apparently random
black smudges, the way the brain interprets the image is entirely
altered. It knows there is a dog there now, so it seeks out the dots
that are part of the dog, needing only the merest suggestion of the
canine shape in order to perceive it. The randomness of the picture
has been dissolved: your brain clings to the order that has been
created.

This kind of experiment feels like a trick of the eyes, a kind of
reverse Rorschach test where the hidden image is extended into our
perception. But it is quite the opposite. It reveals the inner workings
of how we interpret sensory data. The expectation of a Dalmatian
primes our minds to make one out amongst the previously
meaningless dots. It turns out that we don’t form images passively
from a stream of sensory input, as we might imagine. Perception is
not data-driven.3 Our brains aren’t neurological couch potatoes
waiting to process information from the world outside. If they were,
the knowledge that there might be a dog in the image would not



affect its interpretation. Instead, what we perceive is significantly
expectation-driven: what we predict affects what we will experience.
Our brains constantly pre-empt what we will encounter, in a way that
shapes the nature of the encounter. This idea might be mildly
unsettling. Most people would acknowledge that how we understand
abstract things might be affected by our biases and opinions. But the
idea that our very perception of the tangible world—even what we
see—might not equate to what exists, or even equate to the naive
interpretation of the raw input into our senses, seems
counterintuitive. Its consequence is that our experiences of the world
are far more individual than we realise.

Humans might not be unique in this use of preconception. In
2021, a team at Yale University studied the brainwaves of baby
mice, just after they were born—blind and hairless—and shortly after
they opened their eyes. While the pups’ eyes were still covered by a
filmy skin, waves of electrical activity emerged from their retinas.
These modelled the kinds of patterns that would occur in older pups
as they saw themselves moving through their surroundings. In a
sense, we may say that the blind mice dream the experience of the
world around them, even before they can actually see it. These
patterns are replaced with new, more mature circuits when the pups
eventually open their eyes. But the blind images allow the young
mice to interpret the sudden torrent of visual information, to hit the
ground running when they become more independent. When the
team blocked the activity of these retinal cells in blind pups, the mice
found it very difficult to interpret moving images and navigate their
surroundings even when they could eventually see. Baby mice, if
they have not been experimentally tampered with, enter a world that
they have already imagined, which was already encoded into their

retinas and minds.*

If an internal model is central to how mammals deal with the
world, it may be so for other kinds of organisms, too. We saw in
Chapter Four that you don’t need a network of neurones or a brain to
have a “nervous system,” so perhaps a neocortex is not needed for
preconception. When a bean sends its fly-casting tendril around
seeking a support, it may be that it is not simply collecting



information and responding. There may be something altogether
more sophisticated going on.

Wild thinkers

More years ago than | care to think, back in the 1990s, | faced the
viva for my Philosophy PhD at Glasgow University. It was being
conducted over an internet video connection, long before Skype or
Zoom existed, which made it even more daunting. One of the
examiners was Andy Clark, who had already made a name for

himself as a visionary philosopher.® | got hold of a preprint copy of a
manuscript of his that was in circulation. Co-authored with fellow
rock-star philosopher David Chalmers, it eventually became the most

cited philosophy paper of the decade.® They blew open the insularity
of our cranium-bounded cognition and expanded the mind down to
its subconscious depths and out into the world around us: the
objects we interact with, the other minds that we encounter.
Cognition, according to Clark and Chalmers, included the tools we
use to think: pens and paper, word processors, calculators, art
materials—integral parts of a continuous loop between the internal
and external world, between thinking and doing. They described a
“self” that was not contained and limited but networked, a composite
of neurones and things spanning the inanimate and the animate. The
theory caused quite a stir when it was first published. Now, though,
that smartphones and other mind-expanding technologies are

integral to daily life, Andy’s ideas don’t seem quite so strange.” We
export our memories to electronic devices and the internet, and rely
on apps for processing functions that our brains used to carry out,
such as delegating basic maths to our phone calculators or direction-
finding to Google Maps. Our thinking increasingly involves the
electrical activity of both neurones and microprocessors.

Little did | know that | would have a chance to share Andy’s office
two decades later, during my sabbatical in Edinburgh in 2016-17.
Working in the same room, | had the luxury of delving into his
expansive mind and exploring his ideas on extended cognition. And
of learning more about the revolutionary thesis he had developed



from these ideas: predictive processing. He had turned the
conception of the way the brain interacts with the world on its head,
arguing that it was not a passive receiver of information, but instead
an ever-buzzing “prediction machine” that anticipates incoming
experiences. Unlike the baby mice dreaming dreams of the unseen,
the brain uses past experiences and sensations to form these
predictions, refining them over time. Meeting new incoming
information head-on with acquired expectations, he argued, allows
the brain to immediately make sense of what it is experiencing. This
is called “top-down” processing—in which the brain actively dictates
experience—in contrast to the passive “bottom-up” response to

sensation.®

On my way back to Edinburgh after my meeting at Glasgow
University, recounted in the previous chapter, | thought about the
conversations | had shared in the office with Andy, and noted how
vastly different my interactions with the two people were. | mused on
what it took to think truly wildly, to imagine beyond the narrow
boundaries of discipline. True to his ideas, Andy manifested his
creativity not only academically, but through the environment he
created. In Andy’s office, among a cornucopia of curiosities and
idiosyncratic objects, was something which perfectly demonstrated
his thesis. It was a “hollow face:” an inverted 3D model of a face,
concave instead of convex. To eyes and minds used to seeing faces
in the round, the head-on view of the hollow face produces a
perfectly inverted perception of the visual distance: the brain predicts
a convex face, and so interprets the concave image as such. It was
a tangible optical illusion, toying with the brain’s expectations. Move
to one side, and the face collapses into negative space. | mused on
this illusion during the time | worked alongside Andy, enjoying the
repeated shock to my visual system as | shifted my visual plane and
the protruding face suddenly receded into itself. | began to think
wildly myself—to wonder: if our brains make predictions about what
they will encounter, in a way that usefully shapes what we
experience, might the same not be true of plants? So, why might
they not use their expectations to shape their perceptual experiences
in a similarly proactive way?



| suggested my ideas to Andy, thinking that they might appeal to
his radical imagination. They did, but he did not feel he was quite the
right partner for this project. He dealt with the ephemeral products of
neuronal wiring in the human brain, and did not wish to venture into
the alien world of the phytonervous system. Instead, he introduced
me to theoretical neuroscientist Karl Friston at University College
London. Just as Andy had become the most cited philosopher in the
world, Friston was the most cited neuroscientist—and for good
reason. Friston put a mathematical slant on the kinds of biological
phenomena that Andy was explaining in terms of predictive
processing, related to how organisms use expectation to guide both

how they perceive and what they do.? When the input from their
perception does not match their expectations, he argued, the brain
experiences “surprisal.” This is a mathematically defined concept,
linked to the probability of an event that is abstractly related to being
surprised (what you experience when you encounter something
unexpected). The brain likes surprisal about as much as it likes bad
surprises, though, so it usually attempts to minimise experiencing it.
In Friston’s work, the idea that the brain minimises incorrect

predictions derives from what he terms the “free energy principle.”1°
The brain constantly keeps tabs on the difference between how
things seem to be in the world and the model the brain has of it. The
bigger the difference, the more “free energy” in the system, which
can be minimised by changing what the brain samples from the
environment or the model it holds. Put the two together and, by
alternating between them, you get a whirring prediction machine
which is capable of focusing with laser-like intensity on anything that
seems out of kilter with its model of the world, and acting to adjust it.
For clarity, we can speak of Friston’s approach by dividing it into
active and perceptual inference. Either you make the world similar to
the model you have of it (active inference), or you change your
model to be more similar to the world (perceptual inference). Most
likely, nearly everything you do involves a little bit of both.

Using Friston’s model, we could say that cognition is the outcome
of the careful combination of these two counter-current flows of
information travelling from the brain to the senses, and from the
senses to the brain. The resulting experience is a combination of the



drives of internal expectation and the correcting influence of any data
that is coming in. During our discussions, Friston was open to my
idea that these two flows of information might also exist in plants,
that plants might both form internal models of the world and use
them to guide how they explored it. Much to my delight, we ended up
working closely together on a paper published in 2017, “Predicting
Green,” which explained how these information streams and the way
they shaped plant behaviour might make plants into cognitive

organisms.!

Dealing with surprise

As a thought experiment, let’s take three different things found in
nature: a tench (a kind of freshwater fish), a snowflake and a daisy.
Which is the odd one out? Freshwater fish and daisies are biological
systems, whereas the snowflake is not. But what is it exactly that
tench and daisies have in common, that snowflakes lack? The
answer is homeostasis, meaning “similar state.” A tench and a daisy
share the physiological capacity to adjust their internal environment,
to counteract the destabilising influences of changes in their
surroundings and the effects of their own internal workings. They
manage to keep their inner environments, if not constant, at least
somewhat stable. The relevant aspects of these environments might
include body temperature, water levels, pH or any other internal
conditions that affect living systems. The snowflake, by comparison,
would simply melt were it to encounter temperatures above freezing.
More importantly, there would be nothing that the snowflake could do
about it.



If you're a tench, the ability to maintain an internal stability will be
underpinned by hormonal and neural controls, causing the fish to
alter its physiology or behaviour in some way to resist changes. If
you're a daisy, hormonal and the “non-neural” activity of the vascular
system will play a similar role. Either way, both tench and daisies are
in the business of avoiding potentially damaging changes to their
insides by keeping themselves within a safe and comfortable zone.
Practically speaking, there are no distinctive differences between an
animal and a plant, or any other organism, from this perspective.
Both daisies and tench use all of the retrospective data they have
available to make sense of their personal worlds and the events that
occur around them. They use this to create expectations about what
their surroundings will be like and to act accordingly to enable them
to avoid dangerous or excessively stressful conditions. We may think
of plants and animals as alike in constructing a model of the world
that allows them to make sense of incoming data and guides how
they use it.

If a tench is to have a chance to pass down its genes, it had
better avoid states that might hold surprises according to its existing
expectations. Surprising states for our freshwater fish include those
in which it is too dry or too salty to survive. The tench tries to make
sense of its local environment and act accordingly in order to
minimise its state of surprise. What would our poor freshwater fish
do if immersed in salt water? It might swim back into fresh water, re-
sampling the environment as it goes, hoping to find that future inputs
match its expectations and physical needs. In Friston’s language, the
fish would be using active inference. Alternatively, our fish may try to
change its “model of the world” and adjust those of its internal states



that are not in line with the state of the world around it: to somehow
resist and withstand the action of excessive salt. The latter,
perceptual inference, is probably an impossible feat in such life-
threatening circumstances. That would take change on an
evolutionary scale that an individual fish would not have the capacity
for.

Plants are not unlike freshwater fish when it comes to avoiding
salt. High concentrations of salt in the soil stress their roots intensely,
interfering with protein synthesis and many other key processes. So
plants do whatever they can to prevent salt stress. Most will try to
avoid getting into salty situations, seeking out soil patches that chime
with their internal models of where they are happy. They try to
harmonise their expectations. Roots in particular often exhibit salt-
avoiding behaviour, the inverse reaction to that of the foraging roots
of pea plants when they encounter nutritious soils. As the delicate
root tips venture into unexplored patches of soil, they keep note of
the salt gradients they encounter, moving towards decreasing levels
of salt that might lead the way to new patches of habitable soil. The
gradients are important: roots will be more attracted to a trend of
decreasing salt, suggesting that better things lie ahead, than to
absolute differences in salt levels, which just mean that this
particular patch is all right for now. But if the roots probing in one
direction seem to experience only increasingly salty substrate, the
state of surprise remains high. The plant concludes that it is barking
up the wrong tree, as it were. It gives up the search in that direction

in order to seek out pastures less salty through alternative routes.?
In contrast, some plants have developed tricks that allow them to
withstand salt stress. Over evolutionary time, they have gained the
capacity to adjust their internal models of where the acceptable
boundaries lie. Not unlike humans, plants display a dizzying array of
responses to surprise. A few can actively eject excess salt from their
precious growing shoot tips, and also from those of their leaves with
prime photosynthetic potential: they don’t want to be hampered by
their lack of solar panels. Others rely on the retention of water to
counterbalance the overload of salt. Mangroves, for instance, can
live in very salty conditions for periods of time with no problem at all,
because they retain water. Saltbushes embrace the enemy and store



salt in their leaves within special glands, where it crystallises and

remains harmlessly.'® Some plants simply amputate leaves if the
stress is too much, like a shocked waiter dropping a tray of glasses.
What appear to be physiological responses to stress in fact have
psychological underpinnings. The physiological response allows
them to survive, but it is triggered by a surprise-inducing mismatch
between expectation and experience.

Prediction machines

It is much more likely that surprisal will be minimised if a plant
combines Friston’s two strategies: perceptual and active inference.
Plants constantly perceive and act, alternating between these two
modes. They are always adjusting their predictions and modifying
their surroundings to make their environment match their
expectations. These strategies are not always easy to detect or to
distinguish from one another. But Charles Darwin is always there to
illuminate. In The Movements and Habits of Climbing Plants he
observes:

It has often been vaguely asserted that plants are
distinguished from animals by not having the power of
movement. It should rather be said that plants acquire and
display this power only when it is of some advantage to them;
this being of comparatively rare occurrence, as they are
affixed to the ground, and food is brought to them by the air
and rain.

Here’s yet another reason to appreciate the cognitive doings of
plants. Salt avoidance suggests the ability to anticipate the
environment. Plants investigate their surroundings, gathering salient
information. They do this especially when predictions do not match
what they encounter. When they do match, and surprise is low, they
can relax. If there is a mismatch, plants are spurred on to explore
further, to seek out areas which sync with their predictions. Plants do
this not only to avoid immediate surprises, but also to reduce the



types of surprises they expect in the future. They have their own
expectations as to what's out there, and they continually keep tabs
on any changes to try and stay on top of them, to predict how the

world might be down the line.1*

Therefore plants, like animals, need to use an internal model of
their environment before they make any kind of move. We could say
they’ve got to run a sort of simulation. What plants perceive depends
less on the incoming data itself and more on their expectations of
what the world is like: what the sun will do, how salty it is, or how
nutrient-dense a host is. Though information flows both outwards
and inwards, the dominant direction is from an internal model
outwards, resulting in overall perception. Plants lead with their
expectations, which will then be checked against incoming sensory
information. Like us, they are prediction machines with the ability to
self-correct.

Plants need some serious processing equipment to sustain the
combination of guesses and corrections flowing in opposite
directions. What sort of hardware do they have at their disposal?
Plants don’t have a brain cortex of processing units arranged in
hierarchical layers like we and other mammals are so lucky to have.
But plants don’t need one: all they need is a form of functional
asymmetry between the pathways going in and out, like opposing
moving walkways in an airport. As we’ve seen, electrical
communication in plants takes place through the vascular bundles of
plants’ transport systems, the phytonervous system. And these
signals can travel in both directions.

The pathways are also arranged in a sort of hierarchy. If you look
at the stem of a papaya plant like the one in O’Keeffe’s painting, you
can see that it is highly networked, with many connections between
the thin vascular tubes. These networks are arranged in layers that
operate just like the layers of the mammalian cortex. Our working
hypothesis is that predictions flow from the deeper layers outwards,
to the superficial sensory ones. And, at the same time, the sensory
organs trigger electrical impulses that pass through the outer layers
and interact with them. You could say that the vascular system
connects plant perception and behaviour in the same way that rapid-
fire fibre-optic cables are used in telecomms. But exactly what goes



on in these organic cables, the details of how they make plants into
prediction machines that can be surprised by their environment—that
IS a question we still have to answer. We can see the physical
network but we have yet to understand it fully.

Do plants think?

We have been very slow to begin to appreciate the idea of a plant
psychology, though the idea was seeded over a hundred years ago.
According to Edinburgh directories from between the 1870s and the
1890s, Shetland’s Victorian folk writer Jessie Saxby lived at my
house in Edinburgh in around 1883. | discovered this through a letter
| received from one Philip Snow. As it turned out, he was a writer

preparing a biography of Saxby.'® He was informing “the current
occupant” that Jessie Saxby had lived at my premises, and that he
would be delighted to visit and see what the flat was like.
Unfortunately, it was my final day as the tenant, as | was packing my
car on the very last day of my sabbatical.

When | read the letter, | couldn’t have been more perplexed, and
yet | was eager to know more about both Jessie Saxby and Philip
Snow himself. | opened my laptop and responded immediately to the
email address he had provided in his letter. Ensuing email
correspondence revealed that Jessie Saxby had been a keen
gardener, especially when she left my flat and retired to the Shetland
Isles. She would gather wild plants for her garden, and even wrote a
number of articles about the flowers of Shetland. Philip sent me a
picture of Jessie as an elderly lady, and another of her five sons.

Jessie, Philip further informed me, had an elder brother, Thomas
Edmondston, who “was a professor of botany at a very young age.”
Now | was definitely intrigued. It turned out he was the botanist on
board the voyage of the Herald, which in the mid-1850s had
explored the west coast of South and North America. He wrote a
short book afterwards, Flora of the Shetland Isles. | rushed to my
copy of Darwin’s biography by Desmond and Moore, conjuring up
images of Darwin and Edmondston meeting in person at some point.

Philip had written:



Thomas only got as far as Sua Bay, Peru, where he was
accidentally shot and killed, aged just 20 . . . Another point to
note is that although Darwin probably didn’'t meet young
Thomas Edmondston, he was a correspondent with his and
Jessie’s father, the Shetland naturalist Laurence Edmondston.
Darwin sent Edmondston Snr a letter of condolence on
hearing of his son’s untimely death.

Despite the blow, further correspondence revealed that Jessie’s
youngest son, Charlie (Argyll) Saxby, had compiled a second edition
of the Flora of the Shetland Isles in 1903, and that Charlie had also
written an article or book called Do Plants Think? | tracked it down
online to a sixteen-page reprint in the Transactions of the Plymouth
Institution and Devon and Cornwall Natural History Society (1906-7):

Do Plants Think? Some speculations concerning a
neurology and psychology of plants.

Author: C. F. Argyll Saxby.

Having obtained the full title, Philip finally found a hard copy on
the British Library website which he was able to send me in late
September of 2017. Plant psychology, which seems so outlandish in
the twenty-first century, was already being considered seriously in
1906 and earlier. Seeing a photograph of Saxby sitting in front of the
very door of my Edinburgh flat nearly a century before Philip’s book
was eventually published highlighted to me just how long it has taken
us to reconnect with plant psychology as a possibility. Argyll’s
treatment was highly speculative, but our work here is to turn
speculations about plant psychology into empirically testable
scientific hypotheses.

Mindware

| have emphasised the point that physiology only goes so far in
explaining how organisms operate. It needs an overarching
psychology, a higher-level framework that the molecular nuts and



bolts enact. We cannot make predictions about how plants will
behave or what they will do physiologically without viewing them
through the same lens as we might view animals in the cognitive
sciences.

The path to a psychological appreciation of other animal species
has been relatively precipitous over the past four hundred years.
During the 1630s the great French philosopher René Descartes
worked on creating a comprehensive physiological basis for
behaviour in humans and other animals. He carried out dissections
of animal parts which he had procured from butchers. At the same
time, he developed detailed physiological theories of how the human
body functioned in a mechanical way, from the workings of the
muscles to the operation of the brain. He argued that this mechanical
functionality accounted for much of the behaviour of humans and
other animals. Most behaviour, according to Descartes, had nothing
to do with the mind. The basic mechanisms of avoidance of harm
and attraction to beneficial things were enough.

These mechanisms were often based on instincts or a concrete
form of “memory.” A human would withdraw their hand from a
burning heat on instinct. A dog would flinch from music if it was
usually played when the animal was being beaten, for example. The
mind equated to intellect in Descartes’ framework, and, since
animals lacked intellect, they essentially operated as complex
automatons, their senses equating to the direct effects of sound, light
or touch on their brains. There was no need for any cognitive
complexity. This physiologically dominated psychology denied any
sentience or feelings to animals. It was animal-as-machine.
Needless to say, in the Cartesian universe, the idea that plants might

have any form of sentience was beyond laughable.1®

About two hundred years after Descartes, the self-proclaimed
mechanist Hermann von Helmholtz strayed much further into the
realms of psychology with his theories regarding the operation of the

senses.!” He argued that the effects of the senses were indeed
material effects on sensory organs and nerves, but that they created
an idea of things in the outside world. To see or hear or smell was to
be conscious, because it entailed a concept of something outside the
self. The mind inferred the existence of something in the world from



the sensory data filtering in. Likewise, the nineteenth-century French
physiologist Claude Bernard, though tethered to the concrete
matters of how functions such as respiration, digestion and thermo-
regulation occurred, also emphasised the importance of the
psychological in understanding the relationship between organism
and environment. He argued that the central nervous system in
animals connected perception and animal behaviour. Physiology was
still foundational for Bernard—he thought that psychological
phenomena would eventually be explained physiologically—but this
was a move away from the mechanical Cartesian world view. By
analogy, we might posit the idea that the plant vascular system also
mediates between plant perception and plant behaviour: physiology
facilitates psychology.

In the twentieth century, hard physiology had to contend with the
rise of psychological focus. Eminent experimental psychologist
Donald Broadbent turned the tables on the relationship between
physiology and psychology. Previously, psychology had been
subordinate to physiology, being seen as the ephemeral extension of
the study of functioning of bodily parts. Broadbent argued that
psychological theories could be of value on their own, without any
physiological underpinnings. Not only that, but physiological
understanding might, in fact, be best placed within its psychological
function. Psychology was gradually becoming the overarching
framework within which physiology found its meaning. Likewise, the
philosopher Jerry Fodor argued not long after that psychology was a
“special science” that could not be reduced to neurophysiology,

despite the close connections between the two.18

Even an appreciation of psychology might yet be insufficient.
Between the material doings of physiology and the descriptive
theories of experimental psychology was left the question: what
actually happens to turn sense data into behaviour? To answer this
guestion, a new kind of thinking is needed. A possible way of
exploring the subject might be offered by the computational theories
of late twentieth-century scientists such as David Marr, whose work
has been so influential in the development of computational
neuroscience and artificial intelligence. He argued that descriptions
of how neurons are organised and operate in the brain cannot reveal



the way that vision or other senses generate perceptions: we need
details of the data collection and the way it is manipulated. Take, for
example, how 2D images collected on the retina are turned into a 3D

model of the world in the brain.1® The physical details are the
hardware of the brain’s “computer’—they don’t explain how the
programs work, just as an understanding of a computer chip would
not show you how the computer operates. An understanding of the
algorithms or the “software” that do the processing involved is
crucial. We might have a sense of the ingredients that make up the
hardware, but without the instructions for how to combine them into a
functioning whole, we can’t make a model of the final result.

Turning back to plants, we can conclude that we will not be able
to understand them from a purely physiological perspective.
Because physiology only offers the hardware, it doesn’t show how it
operates. Nor can we understand plants from simply observing their
behaviour and creating romantic plant psychologies. We need to
view them, like animals, as information processors with complex
algorithms that turn sensory data into representations of the outside
world. And for this, we need to better understand several things.
First, we need to know what the parameters of tasks such as support
seeking or nutrient hunting are from a plant’s perspective. What are
the inputs to the algorithm that allow it to run? These might not be
obvious, or what we assume from our human perspective. Second,
we need to begin the complex process of disentangling the set of
information-processing steps that happen as the plant integrates
data from its senses with the predictions it has made about the
outside world. And third, we need to work out how these are fed
back into the behaviour of the plant.

To perceive is to create meaning from sensory experience. This
meaning must lead to conclusions about what the world around the
perceiver is like and the causes of immediate events. The process
allows an organism to shape its behaviour in a useful way: the
climbing bean seeking a support must oscillate between its model of
its surroundings and the data it collects as it circumnutates to refine
the aim of its final grab. We know why it looks for supports, we know
some of the physiology of how it does this. But we have yet to work
out how these two elements are linked, by what processes aim



becomes action. We have to understand the hardware and the front-
end software, the neuroscience and the psychology, but also that
which links them. For this, an approach based on information
processing such as Marr’'s might well be invaluable. We suspect that
plants think. But only after finding links between physiology and
behaviour will we begin to understand how they think, to see behind
their seraphic, sphinx-like pose.



