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Behavioural and Neural 
Evidence for Conscious 

Sensation in Animals 

An Inescapable Avenue 
towards Biopsychism? 

Abstract: Evidence for all sorts of cognition in animals is mounting. 
But is this accompanied by conscious sensation or phenomenology? 
To answer that question, it is noted that consciousness to us presents 
itself as a contrast: we are asleep or awake, we either see something 
or we don’t, each state or condition accompanied by distinct neural 
correlates. The contrast implicitly holds there is conscious sensation; 
you cannot lose what you didn’t have to begin with. So if there is 
similar behavioural and neural evidence for a conscious–unconscious 
contrast in any animal, there should be some sort of difference in the 
‘what it is likes’ between the two extremes — for the animal in 
question. Findings from sleep, anaesthesia, blindsight, masking, and 
rivalry present unequivocal evidence for such a dichotomy in monkeys 
and — surprisingly — possibly insects. For other animals (mammals, 
birds, reptiles, fish) the situation is less clear, although mostly due to 
a lack of evidence rather than evidence to the contrary. Implications 
for theories of consciousness, and the role of neural versus 
behavioural findings, are discussed. 
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1. That Devious Mosquito in My Room 

I am in Italy. It’s warm and pleasant. Night has fallen, and I am trying 
to read a bit before falling asleep. But there’s this mosquito. I heard it 
humming around my head already a few times. There seems to be a 
pattern to it: whenever I read a few pages it’s approaching, to go away 
as soon as I look up from the book. It is as if the annoying beast can 
sense my state of vigilance. When I look for it, trying to smack it so 
that I can quietly enjoy the last part of this day, it stays away. Only 
when my attention really drops, and I go back reading, does it try to 
attack. So, I decide to lure it towards me, not really reading but 
attentively monitoring my surroundings while keeping a reading 
posture. To no avail, it stays away. Until, again, I drop my guard. The 
animal is a mind reader. I give up. There is little I can do against so 
much dedication and intelligent tactics. The next morning, I have three 
itchy bumps. 

Can mosquitos really sense the state of vigilance of their victims? 
And if so, how? Do they really have the intelligence to only approach 
a victim that is off guard? Mosquitos sense their prey via a complex 
set of mechanisms, detecting CO2, body odour, visual cues, move-
ment, and possibly more (Zhan et al., 2021). And they do seem to 
notice when you’re on the attack (Vinauger et al., 2018). But am I 
right in ascribing a little ‘mind’ to the animal, anthropomorphizing 
behaviour that may just be simple reflexes (Wynne, 2004)? Animal 
cognition is getting ever more attention, and with that, it is getting 
increasingly clear that animals share many cognitive functions with us 
(Edelman and Seth, 2009). However, there seems to be a last ‘bastion’ 
here: in our heads, many of these cognitive operations are accom-
panied by a mysterious ‘extra’: consciousness. When we process 
sensory input, we see, hear, and feel. When we use this information, 
we know. When we make a decision, we think. When animals do 
these things, do they also see, hear, feel, know, and think? Is that 
mosquito in my room seeing that I’m reading, does it know the coast 
is clear, does it put any conscious thought — non-verbal of course — 
into its decision to attack? 

2. To See or Not to See 

Consciousness is a multifaceted phenomenon, ranging from having 
conscious sensations to higher-order forms such as self-consciousness, 
as addressed in studies like the Gallup mirror test. According to these, 
self-consciousness seems limited to quite a few species. The test and 
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its interpretation are, however, not without controversy (Gallup and 
Anderson, 2020). It’s akin to the studies of animals having theory of 
mind (Penn and Povinelli, 2007), or possessing some form of 
language (Fitch, 2020), to name some other hornets’ nests, in that they 
are all issues with a long history of experimentation and sometimes 
fierce debate. What I would like to address here is some more basic 
aspect of consciousness, that of having conscious sensations (Block, 
2005).  

This topic — although seemingly simpler — has received relatively 
little attention (Edelman and Seth, 2009; Pennartz, Farisco and Evers, 
2019). That is maybe because the field of consciousness science 
dealing with sensation is riddled with issues like hard problems, 
explanatory gaps, inverted spectra, qualia, and other philosophical 
conundrums (Havlík, Kozáková and Horáček, 2017) that make it seem 
impossible to know ‘from the outside’ whether someone or something 
else has conscious sensations. So how on earth can we know whether 
there is conscious sensation in a mosquito, a lizard, a dog, or an ape? 

There are ways to answer this question, I will argue here. A key 
starting point is that consciousness is a contrast. A contrast with 
unconscious processing. Almost all consciousness science builds on 
paradigms where consciousness is somehow manipulated (Klink et al., 
2015; Kim and Blake, 2005), looking for functions or neural processes 
that suffer from such manipulations and that do not. The prime goal of 
such experiments is to find the ‘neural correlate of consciousness’ 
(NCC) (Koch et al., 2016). But note how this endeavour rests on the 
assumption that there is a conscious–unconscious contrast. My 
suggestion is to turn this around. If we can find behavioural or neural 
contrasts in animals that are like the ones we find in human studies on 
consciousness, shouldn’t the conclusion then be that there is con-
sciousness — of some sort — in these animals too?  

For example, the critical distinction in blindsight (Weiskrantz, 1996) 
is that between yes-no responses — indicative of the presence or 
absence of conscious experience — and alternative forced choices — 
allegedly possible without conscious experience. If such a behavioural 
contrast is also found in animals (and there is a strong case for that in 
macaque monkeys — Supèr, Spekreijse and Lamme, 2001 — see 
below), granting them a conscious–unconscious contrast (and hence 
conscious experience) seems inevitable. Other examples would be 
looking at the effects of anaesthesia, masking, or rivalry, which are 
widely recognized as key manipulations as well. By systematically 
investigating to what extent these manipulations yield conscious–
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unconscious contrasts in animals, one can paint an image of the 
similarity of sensory experience between animals and humans.  

In short, I will take an ‘if it looks, swims, quacks like a duck’ 
approach to the matter, not unlike Edelman and Seth (2009) and 
Pennartz, Farisco and Evers (2019), but focusing on the conscious–
unconscious contrast as an indicator. Also, the approach will allow for 
a comparison between behavioural and neural indicators, seeing if 
they converge or diverge, and arguing which we should ‘believe’ 
more. 

3. The Case of Sleep and Anaesthesia: 
Biopsychism Right Off the Bat 

The phenomenon that is probably most strongly inspiring us to study 
consciousness at all is that it gets turned off for eight hours or so every 
day. If this were not the case, our fascination with the subject would 
maybe never have arisen. Consciousness exists by virtue of its con-
trast with unconsciousness. And what a ubiquitous contrast this is. 
Despite the obvious dangers associated with being (more or less) 
defenceless for such a long time, there is no animal that does not sleep 
(Cirelli and Tononi, 2017). Some have clever strategies, some sleep in 
turns, some let their brain hemispheres take turns (Kelly et al., 2019), 
but, either way, every animal just has to sleep, goes through the con-
trast between being awake and not.  

Yet will it experience the contrast? Sleep in all animals is accom-
panied by a generally immobile posture2 and an elevation of sensory 
thresholds. Even cockroaches and flies ‘lay down’ when sleeping. 
Human sleep is characterized by different stages, the most prominent 
being REM and non-REM sleep. These separate stages are present in 
all mammals and birds, possibly in reptiles and (cuttle)fish 
(Rattenborg et al., 2017; Kelly et al., 2019). Sleep–wake cycles are 
controlled by neural structures in species ranging from mammals to 
insects that have similar genetic and molecular signatures and use 
similar neurotransmitters (Helfrich-Förster, 2018). One of the leading 
hypotheses for the need for sleep postulates that it is necessary for the 

 
2  Some animals cannot stay immobile. Ram ventilating — as opposed to pumping — 

sharks must maintain swimming to keep the flow of oxygen-rich water through their 
gills going. Whether they sleep is controversial. Some diurnal change in swimming 
pattern is sometimes observed (Kelly et al., 2019). In captivity they sometimes 
accidentally bump into objects such as aquarium walls while what seems to be sleeping. 

C
op

yr
ig

ht
 (

c)
 Im

pr
in

t A
ca

de
m

ic
F

or
 p

er
so

na
l u

se
 o

nl
y 

--
 n

ot
 fo

r 
re

pr
od

uc
tio

n



 

82 V.A.F.  LAMME 

proper reorganization of memory traces, in that synapses that are 
strengthened or created during the day get pruned during sleep 
(Tononi and Cirelli, 2014). Interestingly, also in fruit flies, synapses 
increase in size and number during the day and decrease during sleep. 
Effects of sleep deprivation on memory, activity, and alertness are 
similar between mammals and fruit flies (Helfrich-Förster, 2018). All 
in all, sleep in animals looks, swims, and quacks like sleep in humans. 

One is forced to an even more ‘panpsychistic’ — or rather 
‘biopsychistic’3 — conclusion when we look at the artificial equiva-
lent of sleep: anaesthesia. Isoflurane and halothane inhibit responses 
to nociceptive stimuli in animals as different as worms, flies, goldfish, 
ducks, rats, horses, monkeys, and man. Most strikingly this happens at 
comparable end-level concentrations of these volatile anaesthetics. In 
all these species, ‘higher’-level cognitive functions such as explora-
tion, mating, or coordinated movement ‘go’ before more primitive, 
reflex-like reactions such as withdrawal (Zalucki and van Swinderen, 
2016). This doesn’t stop at animals. Plants such as the Venus flytrap 
or Mimosa pudica no longer respond to stimulation of their trigger 
hairs (normally excited by prey insects), decrease chlorophyll 
synthesis, and induce seed dormancy when ‘anaesthetized’ with ether 
(Yokawa, Kagenishi and Baluška, 2019), one of the earliest 
anaesthetics used in humans. These effects are reversible and the 
effect on movement is caused by an inhibition of calcium spikes 
(Yokawa et al., 2018). Plants produce their own volatile anaesthetics 
when under stress (Fammartino et al., 2010; Loreto et al., 2006), not 
unlike the endorphins that mammals produce. The unicellular 
eukaryote Tetrahymena pyriformis stops swimming (Nunn et al., 
1974) and luminous bacteria stop shining when exposed to volatile 
anaesthetics of various sorts, again at comparable doses as required to 
anaesthetize humans (White and Dundas, 1969). Some have therefore 
argued that sentience started when life made a difference between 
‘inside’ and ‘outside’, and the need arose to keep this difference 
stable, or defend it against disturbance (Cook, Carvalho and Damasio, 

 
3  Traditionally, the term ‘panpsychism’ is reserved for the idea that everything ranging 

from humans to thermostats or even stones or single atoms have some sort of ‘mind’. 
Previously, I have used the term in a somewhat less lenient way, to indicate that some 
form of consciousness may be present in all living (or biological) organisms (Lamme, 
2018). Later on, I learned that the correct term for this would be ‘universal bio-
pyschism’ (SelfAwarePatterns, 2020; Fulda, 2020). I here therefore adopt the short 
version ‘biopsychism’. 
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2014). Arthur Reber bites this bullet completely by granting conscious 
sensation to all that lives (Reber, 2018). 

Sleep is accompanied by clear neural correlates. Already the first 
EEG recordings by pioneer Hans Berger (Tudor, Tudor and Tudor, 
2005) showed the typical characteristics of sleep: a gradual increase in 
low frequency content, accompanied by a decrease in high frequency 
oscillations. All mammals and birds show this pattern, but it should be 
noted that EEG and behavioural signs of sleep may dissociate 
(Rattenborg et al., 2017). Even in zebrafish, sleep is accompanied by 
an increase in slow oscillations between subcortical and ‘cortical’ 
structures, together with a decrease in spiking activity (Leung et al., 
2019). In the fruit fly, however, sleep causes a more general decrease 
of neural activity over all frequencies (Nitz et al., 2002), most likely 
due to the absence of thalamocortical circuits in the fly, which are the 
main generators of slow wave activity in the mammalian brain. 

In addition to looking at frequency content, it may be informative to 
look at the extent, directionality, and complexity of neural inter-
actions. One such measure, perturbational complexity index (PCI), 
shows clear correlations with states of wakefulness, being lowest 
during anaesthesia and deep sleep (Sarasso et al., 2015), indicative of 
a loss of meaningful long-range recurrent interactions between 
neurons. In that sense, slow EEG waves, although large in amplitude, 
seem to go along with a loss rather than an increase of integration of 
information across the brain (Tononi and Massimini, 2008). PCI has 
been used to quantify consciousness and successfully predict out-
comes in unresponsive patients with disorders of consciousness like 
vegetative state (Rosanova et al., 2012), so holds great potential for 
‘measuring’ consciousness in animals. A recent study applied a 
similar analysis to neural recordings in the fruit fly (Leung et al., 
2021) and found that anaesthesia is accompanied by a collapse of 
neural integration, normally present during wakefulness and supported 
by recurrent neural circuitry. 

A major distinction in the directionality of neural interactions is that 
between feedforward and feedback connections (Lamme, Supèr and 
Spekreijse, 1998). Where feedforward connections flow from the 
senses towards central or output regions, feedback flows in the oppo-
site direction. In the monkey brain, feedforward processing remains 
present during anaesthesia, as many sensory (visual) neurons keep 
responding to input, and in a highly specific way (Lamme and 
Roelfsema, 2000). Feedback signals are selectively suppressed 
(Lamme, Zipser and Spekreijse, 1998). This difference may be due to 

C
op

yr
ig

ht
 (

c)
 Im

pr
in

t A
ca

de
m

ic
F

or
 p

er
so

na
l u

se
 o

nl
y 

--
 n

ot
 fo

r 
re

pr
od

uc
tio

n



 

84 V.A.F.  LAMME 

the fact that feedforward and feedback processing in part depend on 
different neurotransmitter systems (Self et al., 2012), feedback 
systems relying more on the NMDA receptor. Some have even argued 
that the final common pathway of all anaesthetic effects is the NMDA 
receptor (Flohr, Glade and Motzko, 1998), which is widespread 
among the animal kingdom and present in species ranging from 
mammals to nematode, fruit flies, and sea anemones (Wudick et al., 
2018).  

Also, both in the human and monkey visual cortex, Granger 
causality analysis revealed that feedforward signals are carried by 
high frequency (gamma) local field potentials, whereas feedback 
signals by lower frequency (alpha/beta) oscillations (Michalareas et 
al., 2016; van Kerkoerle et al., 2014). Anaesthesia selectively blocks 
these lower frequency feedback signals, while leaving high frequency 
feedforward signals relatively intact, as has been shown in humans, 
monkeys, ferrets, rodents, and the fruit fly (Cohen, van Swinderen and 
Tsuchiya, 2018). 

In sum, studies on sleep and anaesthesia show a striking similarity 
of their effects on behaviour and neural activity between all animals 
(and maybe even plants and bacteria). Upon anaesthesia, all animals 
seem to go through a (possibly non-linear) transition of states, going 
from a state of recurrent and integrated neural exchange (awake) to a 
state where processing is feedforward and localized (anaesthetized/ 
asleep). This strongly supports that there is a conscious–unconscious 
dichotomy in all of them. One may keep asking ‘what it feels like’ to 
be a fly, and that question remains difficult to answer, given the 
differences in sensory organs, neural structures, and behaviour (but 
see Lamme, 2018, for an attempt). Yet that it feels different to the fly 
to be awake or to be asleep is a conclusion that is fully supported by 
the current data. In that sense, the fly may be just as ‘surprised’ at the 
new dawn as we are in the morning waking up. 

4. Now You See It, Now You Don’t: Blindsight 

The easiest way of knowing whether someone has a conscious 
sensation seems to be by simply asking: ‘Did you see that?’ Well, it 
depends. Patients with lesions to the primary visual cortex respond 
‘no’ to the question ‘did you see that?’ when shown a stimulus in their 
blind hemifield, yet guess (~75%) correctly when asked ‘was it a 
triangle or a square?’ (for instance). Also, localization of these stimuli, 
by pointing or saccadic eye movement, is well (~80%) above chance 
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level. This phenomenon of blindsight was one of the pivotal findings 
of the 1970s, sparking a renewed interest in consciousness science 
(Weiskrantz, 2004). Again, it shows consciousness as a contrast, 
between what is consciously reported to be seen and what is 
apparently unconsciously processed by the visual system given the 
correct forced-choice guessing. Some controversy still surrounds the 
phenomenon, such as that it may all come down to response criteria 
differences (Phillips, 2021), but these objections have been tackled by 
rigorous signal detection analyses (Michel and Lau, 2021; Azzopardi 
and Cowey, 1997).  

Blindsight is well established in monkeys (macaques), using para-
digms that mimic the questions asked to human subjects. Monkeys are 
trained to either respond with a touch to the location of a stimulus or a 
touch to a ‘I didn’t see anything’ location, which is first learned by 
presenting 50% trials with targets and 50% without. The alternative 
‘forced-choice’ task is to guess with a touch to a potential target 
location in every trial. After a unilateral V1 lesion, stimuli in the blind 
field are classified as ‘I didn’t see anything’ in the first task, yet ~95% 
correctly localized in the second (Cowey and Stoerig, 1995). Findings 
were replicated using a paradigm where saccadic eye movements were 
made to localize targets, and the ‘I didn’t see’ response was made by 
maintaining fixation (Moore et al., 1995; Supèr, Spekreijse and 
Lamme, 2001).4 Signal detection analysis showed that in monkeys 
there is a strong difference in sensitivity for yes/no versus forced-
choice tasks in the blind hemifield, which is independent of response 
criterion, and which is not there for stimuli at near-threshold (Yoshida 
and Isa, 2015). In that sense, the case for blindsight may be even 
stronger in monkeys than in humans.  

Blindsight is generally believed to be mediated by a visual pathway 
that bypasses V1, via the colliculus superior and pulvinar (Kinoshita 

 
4  A somewhat similar paradigm to gauge conscious perception was used in crows. They 

were trained to report presence or absence of a grey square by either pecking at a sub-
sequent blue or red square or not. Importantly, the relation between response (pecking 
vs. no-pecking) and perception (presence or absence), as well as stimulus saliency, was 
flexibly varied on each trial. Neural recordings revealed that many neurons in the birds 
nidopallium caudolaterale of the telencephalon responded to the stimulus intensity, 
regardless of report, but that an important subset of neurons reflected the upcoming 
report during the delay between grey stimulus and coloured target, indicating neural 
correlates of perception (or at least impending report) to be present in birds (Nieder, 
Wagener and Rinnert, 2020). The findings do, however, not pertain directly to the issue 
of whether these birds experience a conscious–unconscious contrast. 
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et al., 2019). On that ground, blindsight may be expected in other 
mammals with similar circuitry, such as rodents (Beltramo and 
Scanziani, 2019). A Long Evans rat with bilateral V1 lesion could 
approach salient targets, yet not discriminate complex images, optic 
flow, or orientation (Petruno, Clark and Reinagel, 2013). This seems 
less impressive than the famous monkey Helen, studied at the Cowey 
lab, who seemed able to navigate space quite well on the basis of 
visual cues only, despite a double-sided ablation of V1 (Stoerig, 
1997). This was, however, after training.5 

Another way to tell blindsight from conscious vision is to measure 
subjects’ confidence in their discrimination choice (Ko and Lau, 
2012). Typically, when stimuli are consciously perceived, better per-
formance goes along with higher confidence. Unconscious processing 
will result in performance unrelated to confidence (Robichaud and 
Stelmach, 2003). This type of metacognition seems present in bees 
that were trained to discriminate between a target presented either 
above or below a reference point, one of which was rewarded with 
sucrose, the other punished with quinine. When the discrimination 
became difficult, they often opted for an exit to a second chamber 
where another choice was available — in other words choose the ‘I 
didn’t see it’ button when possible (Perry and Barron, 2013). 

5. You Don’t See It, But Your Brain Does  

The search for a distinction between conscious and unconscious pro-
cessing without lesions to the visual cortex has a long history. 
Typically, stimuli are rendered ‘invisible’ by manipulations such as 
backward masking, dichoptic masking, continuous flash suppression 
(CFS), binocular rivalry, or one of many other ways (Kim and Blake, 
2005). A key finding supporting the presence of a conscious–
unconscious contrast is that of impaired detection while other 
behavioural responses to stimuli remain possible, or while neural 
signals still express selective responses.6 

 
5  Humans with bilateral lesions to V1 report being fully blind, yet responses to looming 

objects can be recorded from the temporal and parietal cortex (Hervais-Adelman et al., 
2015). 

6  Considerable controversy lies in what ‘counts’ as evidence for these manipulations 
revealing unconscious processing. Do we take a subject’s word for it when he says, ‘I 
didn’t see it’ (a so-called ‘subjective’ threshold), or do we only believe there was no 
conscious percept when there is chance performance (or d’ = 0) in a detection or 
discrimination task (an ‘objective’ threshold)? The extent of unconscious processing 
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Best studied in different species is the effect of (backward) visual 
masking. Two types are distinguished, one in which the target and 
mask overlap (as in pattern masking), the other where they don’t but 
they share contours (metacontrast masking). While pattern masking 
typically yields so-called ‘type A’ curves, with the strongest drop in 
visibility of the target when immediately followed by the mask, and 
less effect with longer delays, metacontrast masking may give so-
called ‘type B’ curves, with the strongest drop in visibility of the 
target when it is followed by a mask some 40 milliseconds later, and 
less effect when the mask has a short or long delay to the target. 
Studies of masking in monkeys typically yield type A curves (Lamme, 
Zipser and Spekreijse, 2001; Kovács, Vogels and Orban, 1995); type 
B curves following metacontrast masking have been reported but are 
variable (Bridgeman, 1980). Note however, that also in humans, 
whether type B curves show up is dependent on individual traits 
(Maksimov et al., 2013). One study (Kovács, Vogels and Orban, 
1995) directly compared pattern masking functions between man and 
monkey using the exact same stimulus and found remarkable overlap.  

In alignment with earlier results (Rolls and Tovee, 1994), it was 
found that successfully masked stimuli still evoke specific activation 
of shape-selective neurons in the monkey temporal lobe, indicating 
that feedforward neural tuning remains intact despite invisibility 
(Kovács, Vogels and Orban, 1995). Further corroboration of masking 
selectively disrupting feedback, but not feedforward processing, was 
found in a study where textured figure-ground stimuli were either 
masked or unmasked. A sigmoidal masking function was found, going 
along with a sigmoidal suppression of recurrent figure-ground signals 
with more effective masking. Feedforward tuning properties (orienta-
tion selectivity) were not affected (Lamme, Zipser and Spekreijse, 
2001). Similar results were later obtained in human subjects 
(Fahrenfort, Scholte and Lamme, 2007). 

While consensus is that macaque monkeys show similar behaviour 
and neural effects upon masking as humans, results are more mixed 
for other animals. Visual orientation discrimination in rats does not 
seem impaired by masking, although it must be noted that behaviour is 
quite variable, also because rats have poor visual acuity (Dell, 

 
seems much smaller (or even absent) in the latter case (Stein et al., 2020). These issues 
are beyond the scope of this paper (yet see Lamme, 2020), but given this difficulty it is 
no surprise that studies looking for unconscious processing in animals using such 
paradigms are rare. 
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Arabzadeh and Price, 2019). Neural responses in V1 are, however, 
suppressed by masking, suggesting that these rats base their behaviour 
on other (non-cortical?) pathways (Dell, Arabzadeh and Price, 2018). 
So while there is clear evidence for a conscious–unconscious 
dichotomy induced by masking in humans and monkeys, this is less 
clear for other mammals, let alone non-mammals. 

6. Now You See This, Then You See That 

In binocular rivalry, stimuli remain constant, while the conscious per-
cept spontaneously switches from one to the other. The search for 
neurons whose activity switches along with perception, rather than 
following the physical stimulation, played an important role in the 
early days’ search for the NCC (Logothetis, 1998). These results, 
mainly obtained from the monkey visual cortex, showed that early 
neurons in visual areas mainly follow the stimulus, while higher-level 
neurons in the temporal lobe most often followed the conscious 
percept. More recent work, combined with work in human subjects, 
and also looking at other bistable perceptual phenomena (Donner et 
al., 2008), paints a picture where rivalry is mostly a matter of dynamic 
competition between neurons throughout the visual system, and that 
which neurons get involved depends on stimulus characteristics 
(Tong, Meng and Blake, 2006). 

Of relevance to the present discussion is mostly to what extent 
rivalry is a sign of a conscious–unconscious dichotomy and whether it 
is present in animals. The suppressed — unseen — stimulus during 
rivalry may evoke selective activation of even high-level regions 
(ibid.), arguing for the case that rivalry reveals a dichotomy between 
conscious and unconscious representations. However, others view 
rivalry as a potentially low-level mechanism of competition between 
neural assemblies, not necessarily related to consciousness. For 
example, neural signs of rivalry may occur for stimuli that are unseen 
(Zou, He and Zhang, 2016; Bahmani et al., 2014). To argue for a 
conscious–unconscious dichotomy based on the presence of rivalry in 
animals is therefore contentious. 

Either way, rivalry, in the sense of competition between alternative 
sensory inputs, seems widespread in the animal kingdom. The 
similarity in the dynamics of rivalry (distribution of dominance times, 
dependence on contrast, etc.) between man and monkey is striking 
(Logothetis, 1998). Monkeys also seem to experience spontaneous 
perceptual switches for other bistable stimuli such as the random dot 
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rotating sphere (Leopold, Maier and Logothetis, 2003). In our heads, 
rivalry occurs because perception must ‘choose’ between the over-
lapping inputs from the two eyes. Yet many other animals do not have 
binocular vision with front facing eyes, but instead have eyes that face 
opposite directions (many birds, reptiles, and insects, but also quite a 
number of non-predatory mammals), or even move totally independ-
ently (think chameleons). In these animals, rivalry between the two 
eyes is not so much competing for perception but rather for action. 
Clear signs of such rivalry for action are present in insects such as 
flies, that spontaneously switch flight direction when the two eyes are 
confronted with competing directions of motion, or in chameleons that 
follow and catch prey with saccadic movements of one eye, while the 
other eye is motionless (Carter et al., 2020). It is unclear to what 
extent this is accompanied by similar neural correlates as seen in 
primates. 

In sum, the characteristics of perceptual switching seen in human 
subjects seem also present in a range of phylogenetically distant 
species. Whether this is a sign of switches between conscious per-
cepts, i.e. the dominant one emerging from the unconscious into the 
conscious, the to-be-suppressed one fading away, remains to be deter-
mined in species other than primates. 

7. Who Qualifies: 
The Remarkable Position of Insects 

Table 1 summarizes the findings of this review. For each of the 
‘manipulations’ sleep, anaesthesia, blindsight, masking, and rivalry, 
which in consciousness research are used to study the conscious–
unconscious contrast, it is summarized whether there is evidence for 
such a contrast or not, either from a behavioural or neural perspective. 
Note that the table takes a conservative view, in the sense that if 
evidence is absent (mostly because there are no data about it — or I 
couldn’t find any), the box is ticked red, and the summary flag denies 
the existence of a conscious–unconscious contrast in that (class of) 
species. 
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Table 1. Behavioural and neural evidence for a conscious–unconscious 
contrast in animals. Boxes are checked green if evidence is found in at 
least one or some representative animals of that class (underlying value 
then = 1). Boxes are red if no evidence has been found (yet) (box = 0), red 
on a yellow background if evidence to the contrary is found. Boxes are 
yellow if the evidence is scarce or mixed within the class of species (box = 
0.5, for example, some fish sleep, others don’t seem to). For each con-
dition, the findings are ‘summarized’ into the ‘behavioural’ or ‘neural’ rows, 
where the results from the boxes below are ‘averaged’: average value 
< 0.33 = red tick mark, 0.33–0.66 = yellow tick mark, > 0.66 = green tick 
mark. 

Several conclusions are possible. First, many data points are missing. 
This is no surprise, given that consciousness research has been a ‘no-
go area’ for cognitive and neural science for quite a while, from which 
it has escaped only some 25 years ago (Koch et al., 2016). Also, 
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studying awake animals in the lab (let alone in the field) requires 
complex set-ups, particularly when combined with neural measure-
ments. Some species have been used a lot (monkeys, rodents, insects), 
others much less.  

Second, the conclusion seems fully warranted that monkeys share so 
many aspects of the conscious–unconscious contrast with us — both 
behaviourally and neurally — that granting them the presence of con-
sciousness seems fully warranted. Note that I talk of sensory con-
sciousness here, as that is what most of the research discussed here is 
about. To what extent other mammals qualify is mostly a matter of 
lack of evidence than evidence to the contrary (although the effects of 
masking in rats seem somewhat at odds). And although high-level 
aspects of consciousness, such as self-awareness, intelligent problem 
solving, or language, have been documented in birds, relatively little 
is known about the criteria for a conscious–unconscious dichotomy 
other than effects of sleep and anaesthesia. A recent paper showed that 
crows could report presence or absence of a stimulus by either 
pecking at a target or not, and could flexibly adjust their response 
mode (Nieder, Wagener and Rinnert, 2020). Importantly, neurons in 
the telencephalon modulated their activity according to the bird’s 
reported percept. Taken together, the presence of conscious experi-
ence seems likely. Somewhat more caution is in order for reptiles and 
fish — so far. 

Third, it is quite remarkable that insects (of which the most studied 
species is the fly) tick so many boxes. Their behaviour and sensory 
(visual) systems are vastly different from ours, which makes granting 
them conscious experience feel quite a stretch. Yet based on the 
effects of sleep, anaesthesia, and the presence of rivalry and meta-
cognition, some sort of conscious–unconscious dichotomy is clearly 
present. Insects having conscious experience was already inferred on 
the grounds of neural architecture before (Barron and Klein, 2016). 
They also tick many boxes when considering to what extent they 
qualify for having the necessary ingredients for consciousness from 
the perspective of various theories of consciousness, such as global 
workspace theory (ants and bees have ‘access’ and flexibly manipu-
late sensory information), integrated information theory and recurrent 
processing theory (fly brains show all neural signatures required, see 
above), and higher-order thought theory (e.g. bees have metacog-
nition) (Lamme, 2018). Common ancestors between insects and 
humans are more than 500 million years old. The similarities therefore 
could be a matter of parallel evolutionary convergence or of highly 
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conserved mechanisms. Common regulatory genes determine the 
development of mid- and forebrain structures, suggesting that all 
animals that possess a brain share highly conserved mechanisms for 
sensory integration and coordinated behaviour (Bridi et al., 2020). The 
conscious–unconscious contrast may just be very old. 

The findings together, and the insect findings in particular, suggest 
that if sufficient research would be devoted to it, all boxes of Table 1 
would probably get ticked, implying that all animals share some sort 
of conscious–unconscious dichotomy. And according to the rationale 
of this paper, we should then also conclude that they all have some 
sort of conscious experience. Or to be more precise, will somehow 
‘feel different’ between their conscious or unconscious states, between 
their conscious and unconscious experiences. That is not to say that it 
feels the same to be an awake fly as it feels to be an awake human or 
monkey. Conscious experience is naturally determined and con-
strained by the make-up of sensory equipment, its neural processing, 
and the neural architecture underlying it. Elsewhere (Lamme, 2018), I 
have argued that what the fly sees is most likely an amalgam of 
motion and colour without the strong notion of ‘objects’ that domi-
nates human vision, which may be similar to what blindsight patients 
experience. And that hence conscious vision in flies may be more 
similar to what humans would call unconscious vision. Yet this 
doesn’t deny conscious vision in the fly — in the sense of a contrast 
with its unconscious vision (which is even more ‘in the dark’). 
Conscious vision in mammals is probably much more like ours, 
although there too differences in colour pigments, being predator or 
pray, having binocular vison or not, circular fovea or visual streak — 
which in turn make visual brains differ too — will make a difference 
as to ‘what it is like’. What we share is the transition, going from 
visual processing ‘in the dark’ (Chalmers, 1995) to conscious seeing. 

8. State versus Content: 
Erring on Which Side of Caution? 

Another look at Table 1 may yield quite a different conclusion. A first 
objection may be that most of the positive evidence comes from 
manipulations of state — sleep and anaesthesia — rather than content. 
And both sleep and anaesthesia are — at their core — defined by 
behavioural evidence, like absence of movement or responsiveness. 
And we know that, in human subjects, the conscious state and having 
conscious sensation may diverge. Examples are the sometimes vivid 
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(and painful) sensations that people experience under anaesthesia 
(Kotsovolis and Komninos, 2009), conscious sensation during vegeta-
tive state (Laureys, 2005), and of course dreaming or sleepwalking 
and other sleep disorders (Oudiette et al., 2009). Some caution 
towards taking behavioural or even neural signs of sleep and 
anaesthesia as evidence for a conscious–unconscious dichotomy 
seems in order. Combined with the absence of evidence for such a 
dichotomy from blindsight, masking, or rivalry in many species other 
than primates, a universal biopsychistic conclusion as drawn above 
may seem unwarranted.  

On which side of caution should we err then? That may depend on 
the goal of the classification of species. If that goal is an ethical one, it 
seems natural to err on the side of biopsychism until we have clear 
evidence to the contrary.7 Yet also if the goal is scientific, as in trying 
to understand the origins of consciousness, I think there are good 
reasons to err on the side of biopsychism: many — if not all — current 
theories of consciousness are so simple that they endorse a high 
degree of biopsychism and even panpsychism. They need additional 
‘missing ingredients’ to move away from it (Lamme, 2018; Northoff 
and Lamme, 2020). Laying the burden of proof on those denouncing 
biopsychism or panpsychism therefore poses a healthy challenge for 
improvement of these theories. 

9. The Role of Neural Evidence 

One may also question what the findings from blindsight, masking, or 
rivalry bring exactly. They show a behavioural dichotomy, alright, but 
do they present evidence for a conscious–unconscious dichotomy per 
se? Other (behavioural) dichotomies exist that are not taken as such 
evidence: short- vs. long-term memory, global vs. local processing, 
what vs. where, and many more. Blindsight, masking, and rivalry are 
taken to reveal a conscious–unconscious dichotomy in humans in part 
because of introspective intuitions and verbal report: to us, a masked, 
suppressed, or degraded stimulus is (sometimes) not seen and hence 
not reported. This implies a sort of three stage process: 1. sensory pro-
cessing; 2. conscious perception of it (or not); 3. behavioural response 

 
7  Only if having conscious sensation would have ethical consequences, which it will most 

likely not have for many people. I believe the animals I kill (like that mosquito) or eat (I 
eat meat) have conscious sensation. I do not feel particularly bad about that. Maybe I’m 
a psychopath… 
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based on 2 (rather than on 1). Could it be that, in the animal, it is just 
not reported? So that there is a direct link between stimulus and 
report, without any intervention of conscious perception? The case has 
been made that blindsight in monkeys is just that: a difference in 
stimulus–response behaviour for yes-no versus forced-choice localiza-
tion or discrimination, possibly mediated by attention (Allen-
Hermanson, 2010). Even a signal detection analysis showing different 
d’ for the two behaviours (Yoshida and Isa, 2015), or showing that 
neural pathways for the two types are different (Kinoshita et al., 
2019), cannot in principle counter such objections. 

What may help to surpass such objections is evidence that the 
animals base their behaviour on an ‘intermediate’ state, a state 
between purely sensory processing and behaviour. Combining neural 
data with signal detection analysis of behaviour may provide such 
evidence. Supèr had monkeys view textured figure-ground stimuli of 
varying saliency (Figure 1a) and at random locations. Their task was 
to make a saccadic eye movement to the location of the textured 
square to indicate perception (a ‘YES’ response). Twenty percent of 
trials contained no figure, and were rewarded when the monkey then 
maintained fixation, to indicate absence of perception (a ‘NO’ 
response). On a number of figure present trials, however, monkeys 
also maintained fixation, as if indicating absence of perception. This 
number of NO responses — logically — increased (from ~8% to 
~58%, Figure 1c) with decreasing saliency. Note that the behavioural 
paradigm is identical to the one used to demonstrate presence or 
absence of perception in blindsighted monkeys (Moore et al., 1995). 
Also note that the behavioural data alone do not provide strict 
evidence for a state between sensory processing and behaviour. Neural 
data recorded during the experiment showed a remarkable pattern, 
however. Feedback signals from higher-level cortical areas back to V1 
(showing up as a delayed (>100 ms) modulation of responses, and 
previously shown to reflect figure-ground organization — Lamme, 
1995; Zipser, Lamme and Schiller, 1996 — Figure 1b)8 followed 
neither the stimulus nor the behavioural response (Figure 1c): for high 
saliency figures it was present when monkeys reported YES, yet 
absent when they reported NO. For low saliency figures, this relation 

 
8  These modulations are also selectively absent during anaesthesia and masking (Lamme, 

Zipser and Spekreijse, 1998; 2001), and have been theorized to reflect a neural correlate 
of conscious perception (Lamme, 2006; 2010). 
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decreased, up to the point where feedback modulation was almost the 
same for YES and NO figure present trials. How could this be 
explained? 

A model where the modulation reflected a stage between strictly 
sensory processing and the behavioural response could fully account 
for the data (Figure 1d). In the model, sensory processing in most 
instances (say 90%) results in recurrent feedback, and hence modula-
tion signals in V1. In some instances (say 10%), however, recurrent 
feedback does not arise.9 The recurrent feedback signal is then taken 

 

 
9  It appears that the occurrence or non-occurrence of recurrent interactions depends on the 

state of the visual cortex at the moment the stimulus arrives (Supèr et al., 2003). 
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Figure 1a–e. Summary of an experiment in monkeys showing neural 
evidence for a stage between strictly sensory processing and behaviour 
(Supèr, Spekreijse and Lamme, 2001). See text for details. 

as the internal representation that is fed into a classical signal 
detection model with a set (but somewhat variable) decision criterion. 
When the modulation signal is above this criterion, the monkey 
responds YES, otherwise it responds NO. This can fully account for 
the relation between YES/NO responses and feedback modulation at 
all saliencies. Moreover, the model was tested by changing decision 
criteria for high and low saliency stimuli (Figure 1e). Elevating the 
decision criterion for the high saliency (L16) stimulus (by increasing 
number of catch trials) resulted in a watering down of the relation 
between modulation and behavioural response; lowering the decision 
criterion for the low saliency (L4) stimulus (by lowering percentage of 
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catch trials) increased the relation between modulation and 
behavioural response, just as predicted by the model.  

In sum, the combined behavioural and neural data (and their combi-
nation only!) provided strong evidence for an internal signal that sits 
between purely sensory processing and decision processing. The 
animals base their response on this intermediate stage. These kinds of 
findings, where neural data recording is combined with manipulation 
of stimulus and decision variables, can offer a window into the 
mechanics of the animal mind. I believe it is even stronger evidence 
for conscious perception than any verbal report will ever be; it 
objectifies an internal state that we would otherwise just have to 
‘believe’ to exist when we base it on introspection or verbal report. 

And that has been the goal of this paper: to find objective criteria for 
conscious experience in animals, either from behaviour, from neural 
evidence, or from both.  

So that mosquito in my room, it doesn’t have to tell me it’s con-
scious. I just know. 
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