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Abstract: Woodruff makes two arguments to support his claim that ray-finned fish are
conscious: (1) Fish neuroanatomy has similarities with the structures in the human brain that
support consciousness. (2) The complexity and flexibility of fish behaviour suggest that they
are conscious. This commentary will argue that neither the neuroanatomical nor the
behavioural argument can provide conclusive evidence for consciousness in fish. We should
suspend judgement until we have discovered mathematical theories of consciousness that can
reliably map between states of consciousness and states of the physical world.
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A large part of Woodruff’s (2017) target article is devoted to detailed comparisons between
fish and human neuroanatomy. He suggests that fish are likely to be conscious because their
brains implement many of the proposed correlates of consciousness in humans, such as
sensorimotor integration, re-entrance, attention, emotions and neural synchronization.
One problem with this neuroanatomical argument is that the theories of consciousness
which it is based on are mostly speculative, unproven and out of date. Consciousness has often
been linked to higher functions such as attention that operate across multiple brain areas.
Early work on the neural correlates of consciousness appeared to support this connection
(Tononi and Koch 2008). However, more recent experiments have suggested that what was
measured in these early experiments was not the correlates of consciousness but the
correlates of reporting. It now appears that the correlates of consciousness are limited to a
posterior cortical hot zone (Koch et al. 2016). If this turns out to be correct, then we should
look for hot zones in the fish brain, not for re-entrant connections, emotions or attention.
A second problem with the theories of consciousness that Woodruff discusses is that
they are mostly functional criteria for consciousness. A system is claimed to be conscious if it
carries out sensorimotor integration, has re-entrant connections, emotions, attention and so
on. However, functional theories of consciousness are extremely problematic. A function can
be implemented in many different ways, and it is possible to map a function with a fixed set
of input parameters onto any sequence of physical states (Bishop 2009; Putnam 1988). If we
can attribute consciousness to fish on the basis of the functions that their brains implement,
then consciousness can also be attributed to a computer program or lookup tables that
implement the same functions (Block 2006). I have argued elsewhere that functional theories
of consciousness are implausible and unworkable (Gamez 2018). The correlates of
consciousness in humans are not likely to be a set of functions that could be implemented by
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a few lines of computer code. They are functions that are implemented in a particular way in
biological neurons. The method of implementation of the function is as important as the
function itself. We do not know how these functions are implemented in humans, so it is
impossible to judge whether they are implemented in a similar way in fish.
In the absence of reliable knowledge about the neural correlates of consciousness in
humans, the neuroanatomical argument boils down to the claim that fish brains are similar to
human brains. It is possible that they contain the neural correlates of consciousness (whatever
they turn out to be). However, fish brains are different from human brains, so it is also possible
that their complex flexible behaviours are implemented in ways that are not correlated with
consciousness. No clear conclusions can be drawn based on the current anatomical evidence
(Tashereau-Dumouchel et al. 2017).
Woodruff also discusses some flexible complex behaviours that are associated with
consciousness in humans, such as imitative learning, declarative memory and transitive
inference. Consciousness appears to be necessary for these behaviours in humans, and they
are also exhibited by fish. Suppose we could demonstrate that there was a reliable connection
between consciousness and certain external behaviours: these might be termed the
behavioural correlates of consciousness. In this case, we might be able to reliably infer the
presence of consciousness from the system’s external behaviour. If X was a behavioural
correlate of consciousness and the system exhibited behaviour X, then we would conclude
that this system was conscious. We use this type of inference all the time when making
inferences about consciousness in humans.
However, there is no evidence to suggest that a behaviour that is correlated with human
consciousness is correlated with consciousness wherever it occurs. A human that opens its
eyes and responds to commands is likely to be conscious; a robot that opens its eyes and
responds to commands is unlikely to be conscious. As I discussed earlier, there are multiple
ways of realizing the functions that produce behaviour. A body that performs a given set of
actions can be controlled by biological neurons, silicon neurons, computer code, a giant lookup
table, or the population of China communicating with radios and satellites (Block 2006).
Putnam (1988) and Bishop (2009) have shown how any sequence of physical states can be
mapped onto a function that produces a given behaviour. If consciousness can be inferred
from behaviour alone, then it can be found everywhere – fish consciousness becomes a trivial
consequence of an implausible panpsychism.
I have argued elsewhere that the science of consciousness should aim to discover
mathematical theories of consciousness that can provide a fine-grained mapping between
physical and conscious states (Gamez 2018).1 These mathematical theories can be discovered
through experiments on humans and primates, who are typically assumed to be conscious.
Once we have discovered a reliable mathematical theory of consciousness, we can use it to
make believable predictions about fish consciousness. We can measure the state of a fish’s
brain and then use the mathematical theory to transform this physical measurement into a
prediction about the consciousness of the fish. This is the correct scientific way of addressing
questions about consciousness in fish.
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A number of mathematical theories of consciousness have been put forward. The best known is Tononi’s (2008)
information integration theory. This is a mathematical algorithm, which takes as its input a state transition of a
physical system and outputs a prediction about the parts of the system that are conscious, the amount of
consciousness that is present and a high-dimensional structure that purports to be a description of the state of
consciousness. This theory has many limitations, but it is a good example of the type of theory that the science
of consciousness should be looking for.
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Unfortunately, scientific work in this area is limited by the lack of high resolution data
from the brain, and there are challenging problems with the measurement and description of
consciousness. We are a long way from discovering mathematical theories that could provide
definitive answers about fish consciousness. Although Woodruff’s target article does not
provide much evidence to suggest that fish are conscious, it does offer a strong
counterargument to people who claim that fish are definitely not conscious. For the moment,
we should suspend judgement about fish consciousness and treat fish in the same way as
other sentient beings.
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