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The term consciousness is here used to represent a feature of neural systems. This
constraint allows for an attempt to model its evolutionary trajectory. Various lines of
evidence point to the initiating events occurring in connection with the adaptation of
vertebrates to a life on land, which started more than 300 million years ago in the early
amniotes. Presumably, the main evolutionary advantage of consciousness was a more
sophisticated strategy for making decisions. I suggest that this strategy depended on the
use of positive and negative feelings as a common currency to evaluate behavioral
options. Feelings require the ability to feel, and thus a form of awareness, which may
have spurred the instigation of consciousness. According to the present model, con-
sciousness is not required for a nervous system to display advanced computational
capacity.
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The term consciousness here implies an abil-
ity of the organism to be aware of sensory input
and thus be in a position to monitor aspects of
both the external and internal environment. The
attribute provides what may be referred to as a
film of life. Besides sensory information, feel-
ings appear to be an important, and likely uni-
versal, component of what conscious animals
experience. In these animals, select types of
behavior are driven by motivation based on
feelings—rather than on more hard-wired re-
sponses such as fixed or acquired action pat-
terns. A key feature of consciousness is the
ability to use past experiences to evaluate the
outcome of various behavioral options.

Some scientists favor the notion of panpsy-
chism—that consciousness is a universal feature
of all things (Brüntrup & Jaskolla, 2017). I do
not take a stance as to whether there is an entity
in the universe deserving of that description, but
choose to restrict the concept of consciousness
to a feature of neural systems. The scientific
study of consciousness as a biological phenom-
enon is now widely accepted (Low, 2007).

Sentience comes in a variety of forms and
degrees of sophistication. A common distinc-

tion is between primary consciousness, which
can be defined as the ability to integrate ob-
served events with memory to create awareness
of the present and immediate past, and second-
ary consciousness, which includes additional
features such as advanced cognition, self-
awareness, and reflective thoughts (Edelman,
2004). Primary consciousness is sufficient to
turn key parts of brain activity into a cohesive
film of life.

Each species has a particular version of ana-
tomical and behavioral traits, which implies an
unresolvable problem when it comes to defining
terms such as consciousness. Words are typi-
cally coined to describe human features, but
when employed to portray other species, the
question of appropriate use depends on a some-
what arbitrary cut-off as to degree of resem-
blance with the relevant human feature. For
instance, some people will claim that dogs have
a nose, whereas others may refute that and insist
on using the term snout. The snout and the nose
are evolutionary homologous entities, but they
have evolved along different trajectories for a
considerable amount of time. Similarly, the sen-
tience experienced by a dog is most likely dif-
ferent from that experienced by a human, but
the two versions are (presumably) derived from
a common precursor, which makes it reasonable
to refer to them by the same term. Whether an
animal attribute has the required similarity to
the homologous or analogous (that is, due to
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convergent evolution) human attribute to war-
rant the use of shared terminology is a subjec-
tive choice.

The above statement implies that a stringent
definition of consciousness is not necessarily
practical—for the same reason that it is not
always useful to insist on a strict definition of
the term nose. Thus, the answer to the question
of who (or what) is conscious will necessarily
turn on semantics.

Evolution of Neural Systems

The primary purpose of neural systems is to
orchestrate movement (what we tend to refer to
as behavior), a notion that has been referred
to as “motor primacy” (Llinas, 2001). As a rule
of thumb, the challenges facing an animal con-
cern either approach or avoidance; that is, to
pursue what is advantageous for the genes (sur-
vival and procreation), and to avoid what is
detrimental (such as poison and predators). In
the more primitive neural systems (e.g., in jel-
lyfish), these two options are hard-wired as re-
flexes. Sensory cells connect more or less di-
rectly to motor cells, implying that a particular
environmental stimulus will give rise to a ste-
reotypic form of behavior. The first neural sys-
tems were presumably of a similar nature.
Plants, in general, do not require a capacity to
move, as they rely on sunlight for energy.

Neurons and neural systems first appeared
some 600 million years ago, at about the time
when Cthenophores split off from other phyla
of multicellular animals. Whereas the neural
systems of these other phyla are based on the
same blueprint, the nerve cells of Cthenophores
employ nonhomologous genes and operate in a
distinct fashion (Moroz et al., 2014).

Neural systems were an obvious asset for
animals; thus, evolution expanded on and re-
fined the original design. As indicated in Figure
1, neural systems can be divided into three
parts: sensory cells, processing unit(s), and ef-
fector cells. In the more advanced animals,
nerve cells aggregate in ganglia or other cen-
tralized structures such as the vertebrate brain.
These structures evolved to perform processing
and evaluation of sensory information prior to a
response. Since the time of the first neurons,
evolution has facilitated considerable improve-
ments in the capacity to sense the environment,
for example in the form of complex eyes, but
arguably even more substantial progress in the
processing capacity of the centralized neurolog-
ical structures. Although the most primitive
neural systems operate entirely on reflexes, or
fixed action patterns, the expansion of process-
ing implied a gradual shift toward more sophis-
ticated control mechanisms. The advantages for
the organism were presumably: (a) a capacity to
evaluate more information before executing a
response (that is, information from a larger va-
riety and more advanced, sensory organs, as
well as the memory of previous experiences)
and (b) to compute this information in a way
that optimizes behavior. Consciousness reflects
a particular strategy related to the improvement
of processing. Nevertheless, even in humans
several types of external stimuli and internal
needs are cared for by reflexive (unconscious)
processing, exemplified, respectively, by the ad-
justment of pupils in response to light and the
heartbeat.

Three phyla of animals evolved particularly
advanced neural systems, and consequently ad-
vanced forms of behavior. The three—arthro-
pods, mollusks, and vertebrates—are today the

Figure 1. Layout of neural systems. Most systems can be split into three components:
Sensory cells detect environmental information, this is transferred to processing units (ganglia
or brains), which decide on actions and subsequently send signals to muscles via effector
neurons.
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most successful (measured as biomass or vari-
ety of lifeforms) of the 35 phyla presently in-
habiting this planet. It seems likely that the key
to their success came with the expansion of the
neural systems. The processing or computa-
tional aspect, what I shall refer to as the algo-
rithm used, allowed for gradually more flexible
and adaptable behavior. It is important to note
that although the systems went from simple
reflexes to learning, instinctual behavior, and
cognitive control, the core dichotomy of behav-
ioral options (to pursue or avoid) remained the
same. We know that in at least one of the
above-mentioned phyla (the vertebrates), con-
sciousness evolved as part of the strategy to
ensure optimal behavior. The question is at
what point this happened. If the event predates
the split between the three phyla, invertebrate
animals are also likely to harbor consciousness.

I shall argue that the more parsimonious
model for the evolutionary trajectory leading to
sentient animals is that consciousness evolved
only once—starting with the early amniotes. A
similar view has been proposed previously (Ca-
banac, Cabanac, & Parent, 2009; Grinde, 2013);
however, alternative models flourish, ranging
from humans only, to all mammals, all verte-
brates, vertebrates/mollusks/arthropods, all ani-
mals, and all living things (Feinberg & Mallatt,
2013; Liljenström & Århem, 2008; Macphail,
1998). Here, I present novel evidence substan-
tiating the model that consciousness first devel-
oped in amniotes.

Indicators of Consciousness

To evaluate consciousness in animals, it is
essential to identify relevant correlates. In hu-
mans, “accurate report” (e.g., in response to
queries about a sensation or experience) is used
to assess whether a person is conscious, but we
need different defining qualities to probe con-
sciousness in animals (Seth, Baars, & Edelman,
2005).

If we knew the neural correlates of con-
sciousness, we could simply look for similar
structures and neurological processes in other
species. Unfortunately, we only have vague
models; moreover, the divergence of neural sys-
tems implies that a reasonable comparison is
restricted to vertebrates (Koch, Massimini,
Boly, & Tononi, 2016). I shall therefore first
consider putative behavioral correlates of con-

sciousness. The discussion of the neurological
evidence for the proposed model follows in a
later section.

The type of algorithm used to orchestrate
behavior is a characterizing feature of advanced
neural systems. Note that the word algorithm
here has a less stringent meaning than in com-
puter science. It stands for a broad strategy in
terms of neuronal processing, yet a particular
animal may employ more than one algorithm, as
exemplified by the use of both reflexes and
conscious processing in the human brain. It
seems reasonable to assume that observable as-
pects of behavior will reflect the algorithm re-
sponsible for executing the behavior. In other
words, conscious decision-making should leave
some sort of behavioral mark.

The ability to respond to environmental stim-
uli does not require consciousness; even organ-
isms without neurons respond to light and
chemicals. In animals with neural systems, the
response can be preprogrammed, a faculty that
does not require extensive centralized process-
ing and therefore is unlikely to signal sentience.
Although the capacity to base decisions on pre-
vious experiences, that is learning, requires
more in terms of neural processing, this capac-
ity appears to be a relatively modest challenge:
The nematode Caenorhabiditis elegans, with
some 300 neurons (see Figure 2), possesses this
capacity (Zhang, Lu, & Bargmann, 2005). It
therefore seems unlikely that learning qualifies
as an indicator of consciousness.

A less obvious but highly relevant point is
that even complex and sophisticated behavior
does not necessarily imply a conscious form of
processing. Humans offer the best example of
what neural systems can achieve without resort-
ing to consciousness, simply because we are the
only species that can adequately report what we
do, or do not, experience. We have an extensive
autonomic neural system throughout the body,
but also parts of the brain, such as the cerebel-
lum, are presumably not involved in sentience.
Although the decision to move is (partly) under
conscious control, the cerebellum orchestrates
the detailed adjustment of muscle tonus. As it
contains some 80% of the brain neurons (Her-
culano-Houzel, 2010), the fine-control of mus-
cles is arguably the most advanced function of
the brain. Another example is the nervous sys-
tem associated with the human gastrointestinal
tract (Hurley, 2011), which comprises some 500
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million nerve cells and orchestrates sophisti-
cated bowel movements, as well as other tasks
associated with digestion, without requiring any
conscious effort. Moreover, a computer can
make better decisions than most brains if
equipped with a suitable algorithm; yet such
decisions do not qualify as consciousness in the
present use of the term. Instead, I suggest that
the success of computers adds evidence to the
stance that advanced, neural problem-solving
can be achieved in the absence of sentience.
There are numerous possible algorithms, re-
gardless of whether considering computers or
neural systems, which can direct highly sophis-
ticated decision-making processes. On the other
hand, a number of features have been suggested
as relevant indicators of consciousness (re-
viewed in Butler, 2008; Cabanac et al., 2009;
Crick & Koch, 2003; Edelman & Seth, 2009).
The more pertinent features are mentioned be-
low.

A core point is that consciousness implies a
particularly “open” or flexible algorithm for ex-
ecuting control. In terms of observable behav-
ior, the following features can consequently be

construed as indicative of conscious processing:
Cultural transmission, behavior that sometimes
is unexpected and nonstereotypical, advanced
forms of adaptability to minor variations in cir-
cumstances, and behavior suggesting choice
based on motivation rather than on (learned)
programmed options.

All the above features are expected to corre-
late with sentience. The problems are (a) that
they theoretically might reflect other neural al-
gorithms as well and (b) that they may not be
equally well developed in all lineages of con-
scious animals. The position taken here is that
they are suggestive of consciousness because
other, independently evolved algorithms are
less likely to incorporate the same qualities.
However, two further lines of evidence are rel-
evant to improve confidence in a theory that
aims at singling out conscious animals: (a) a
model that describes the evolutionary trajectory
leading to sentience and (b) the question of
whether putative neural correlates of conscious-
ness are present. Evidence related to these two
lines of inquiry will be presented in later sec-
tions.

Figure 2. The neural system of the nematode Caenorhabditis elegans may reflect the
sophistication in the common ancestors of arthropods, mollusks, and vertebrates. (a) A photo
of the 1-mm-long animal, the mouth pointing to the left. (Reprinted with permission from
Zeynep Altun, www.wormatlas.org). (b) Drawing where the neurons (dark, round spots) and
nerve fibers (black lines) are indicated. (Modified version reprinted with permission from John
White, University of Wisconsin).
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Conscious or Unconscious

The capacity for consciousness is one of
many functions (also referred to as modules or
apps) that have been added to the brain by the
process of evolution (Grinde, 2016). Activity
that is not brought to conscious awareness, can
be referred to as unconscious, whereas the term
subconscious may be used for the indistinct
boundary, or “gray-zone,” between the con-
scious and the unconscious. The notion of a
“gray-zone” reflects that consciousness is not an
either/or phenomenon. The degree of arousal
can shift from almost unconscious to highly
alert, and relevant information can disappear
from the mind or suddenly pop up. In other
words, subconscious activity implies processes
that can contribute to conscious experiences, as
reflected in the term intuition, as well as in the
more scientific concept of subliminal perception
(Dehaene, 2014). There are a range of brain
processes, such as the contraction of pupils,
which was never meant to reach awareness. In
humans, conscious content may be subdivided
into three types: (a) information from external
and internal sense organs, (b) feelings/emo-
tions, and (c) internally generated content such
as cognition, imagination, and memories.

It has been debated whether sleep implies a
form of consciousness (for discussions, see
Koch et al., 2016; Windt, Nielsen, & Thomp-
son, 2016). Sleep can be either of the REM-
type, which closely resembles the awake state in
neurological terms, and non-REM sleep. Al-
though dreams are more common in REM
sleep, they also occur in the non-REM form.
Some scientists suggest that dreaming, particu-
larly during REM-sleep, is a state of conscious-
ness, whereas others find attributes of con-
sciousness even in dreamless sleep. I find it
more appropriate to restrict the term conscious-
ness to a select fraction of the activity that takes
place in the awake brain, but this delineation is
not important for the present discourse.

Conscious life rests in the hands of uncon-
scious processes in the brain. That is, the life
experienced by a human can be compared to an
app that is (typically) turned on in the morning
and off again at night. The neural system adds
content to conscious experiences on a “need-to-
know basis.” Thus, input stemming from sense
organs is processed, filtered, and likely dis-
torted, before forming a percept (Dehaene,

2014). Conveying too much information to con-
scious processing could cause dangerous dis-
tractions. In short, consciousness is a feature set
up by evolution to help direct behavior in cer-
tain types of situations. It presumably serves
complex situations where many factors ought to
be included in the equation. For us, this select
part of brain activity is our lives; consequently,
we tend to think of consciousness as all there is,
or all that matters in life. Furthermore, we easily
extrapolate from that position and assume that
other life forms possess the same feature.

Although consciousness necessarily must
have conferred some benefits, there are several
disadvantages with this algorithm, which ex-
plain why evolution designed the brain to en-
gage sentience for particular purposes: (a) Con-
scious processing is presumably energy
intensive; a more automated response conserves
nutrients and oxygen in cases, such as the reg-
ulation of heartbeat, where awareness is un-
likely to add any meaningful input. (b) Con-
sciousness is a relatively slow process.
Perception of a stimulus requires some 300 ms
(Dehaene, 2014), which is considerably slower
than a reflex. (c) Although unconscious pro-
cesses typically work in parallel, permitting the
regulation of several bodily functions simulta-
neously (e.g., heartbeat and temperature regula-
tion), the conscious brain can only engage in
one task at a time; if additional tasks require
input, it is necessary to shift back and forth
between them (Baars, 1997). (d) The capacity
for consciousness presumably evolved for deci-
sion making, not for execution; thus, the con-
scious brain lacks the power to deal with as-
signments such as orchestrating the optimal
performance of legs and arms (Morsella &
Poehlman, 2013). (e) Feelings and awareness
are limited to cases where they made evolution-
ary sense. For example, we do not feel a tumor
unless it happens to press on nerve cells in-
stalled for other purposes, because during our
evolutionary history, being aware of a tumor
would not have helped. (f) Cognition is vulner-
able to the whims of the individual, which
means that for the genes, this form of flexible
processing is risky. A sentient being may
choose not to reproduce or, equally detrimental,
to commit suicide.

Due to the above constraints, sentience is not
the sole, and not necessarily even the prime,
“mover” of behavior (Baumeister, Masicampo,
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& Vohs, 2011; Cabanac & Bonniot-Cabanac,
2007). The constraints on consciousness help
explain why following intuition, which presum-
ably involve subconscious processes, is occa-
sionally a better strategy than exercising delib-
erate control, such as in the case of solving
certain problems and in the fine-tuning of mus-
cles required to hit a golf ball.

One or More Phyla?

Homo sapiens is the only species we can say
for sure possess a conscious brain, but there is
ample evidence (as will be discussed in the next
section) that we can extrapolate to other mam-
mals. As a group, the mammals have had a
reasonable success, which may reflect, at least
in part, a capacity for making conscious behav-
ioral decisions. When a feature brings success,
it can be construed as an argument suggesting
that the feature is also likely to appear else-
where. Before considering consciousness in the
various classes of vertebrates, I shall discuss
whether the trait is likely to be present in other
phyla.

Among the invertebrates, the coleoid cepha-
lopods (octopuses, squid, and cuttlefish) are
considered prime candidates for consciousness
(for reviews, see Edelman & Seth, 2009;
Mather, 2008). These animals display advanced
behavior, such as learning based on “reward-
like” stimuli (Borrelli & Fiorito, 2008), navigat-
ing mazes (Moriyama & Gunji, 1997), and pos-
sibly learning by observing other members of
the species (Fiorito & Scotto, 1992), a trait
associated with culture. They can learn to rec-
ognize a variety of objects, and they have con-
siderable capacity for memory (Borrelli &
Fiorito, 2008). Their behavior does not appear
to be as flexible, or as individualized, as what is
typically seen in mammals; yet it arguably goes
beyond what one would expect from a collec-
tion of mere innate or learned behavioral pat-
terns.

Sophisticated behavior is observed in arthro-
pods as well. Social insects, in particular, have
features suggestive of consciousness (Barron &
Klein, 2016). They are capable of conceptual
learning (Avargues-Weber & Giurfa, 2013) and
decision-making behavior reminiscent of opti-
mism (Perry, Baciadonna, & Chittka, 2016).
Yet, compared to cephalopods, insect behavior
seems less adaptable and more in line with what

one might expect from advanced, prepro-
grammed learning.

In my evaluation, the above behavioral ob-
servations do not exclude some form of con-
sciousness, but are neither strong, supportive
evidence. There is, however, one major obstacle
when arguing for consciousness in arthropods
and mollusks: As shown in Figure 3, these
phyla split up from the vertebrate lineage prior
to, or in the beginning of, the Cambrian explo-
sion some 540 million years ago (Budd, 2003).
At that time, the common ancestors were rela-
tively small and unsophisticated aquatic life
forms. It seems unlikely that these ancestor had
a neural system sufficiently advanced to incor-
porate consciousness. If this conjecture is cor-
rect, consciousness in mollusks or arthropods
would need to reflect convergent evolution.

Convergent evolution of advanced features is
possible. Eyes, for instance, evolved indepen-
dently in several lineages, presumably from the
shared starting point of light-sensitive patches
of skin. The wings of insects and birds are
another example. However, consciousness, as
an algorithm for behavioral decisions, seems to
be a less obvious candidate. For one, although
wings and eyes have distinct evolutionary ben-
efits, it is less clear that consciousness confers a
similar advantage. Arguably, the most success-
ful phylum is arthropods (in terms of species
variety and having the species with the highest
biomass), and in these animals behavior is more
likely controlled by other types of algorithms.
Moreover, the majority of present species with
particularly sophisticated forms of conscious-
ness—the apes—are close to extinction; as are
all but one of the hominin species that appear in
the fossil record. Although consciousness al-
lows for flexible and adaptable behavior, as
discussed in the previous section it has also
several less compelling aspects. In short, sen-
tience does not seem to be sufficiently attractive
as a feature to suggest its independent occur-
rence in otherwise diverse lineages.

It should also be pointed out that wings and
eyes are only superficially similar in these phy-
la. The shared features define them as respec-
tively wings and eyes, but the actual structural
solutions opted for are quite different. The re-
semblance reflects requirements for respec-
tively flying and accurate vision, which explains
the convergent evolution. Similarly, we do ob-
serve advanced behavior in all three phyla, and
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for that they need advanced brains with sophis-
ticated algorithms. This can be construed as
convergent evolution, even if the types of algo-
rithm differ between the phyla. As pointed out
above, other algorithms can orchestrate com-
plex behavioral control without resorting to
consciousness.

Based on the above discussion, it seems more
parsimonious to assume that consciousness is
restricted to vertebrates. If something reminis-
cent of conscious control, and a “film of life,”
should exist in other phyla, one would expect it
to be so divergent from the mammalian version
that the term consciousness would not be war-
ranted.

Although it is difficult to imagine conscious-
ness without a certain size and complexity of
the neural system, it seems pertinent to point out
that at least mollusks are not excluded due to

this restriction. Their neural systems may be
sufficiently advanced, but they are simply more
likely to have evolved alternative algorithms.
True, mammalian brains tend to be bigger and
more complex than the similar structures of
invertebrates, at least when comparing brain
size in relation to body size. Nevertheless, the
smallest mammalian brains, such as the Etrus-
can shrew whose brain weighs in at 60 mg, with
perhaps some 50 million neurons (Anjum,
Turni, Mulder, van der Burg, & Brecht, 2006),
is about one 10th the size of the nervous system
of typical octopi. The much-studied common
octopus, which is considered medium sized
with a body weight of 1–10 kg, has approxi-
mately 500 million neurons (Young, 1963).
Then again, octopi have a more decentralized
neurology compared with mammals, with about
two thirds of the neurons situated in ganglia

Figure 3. A phylogenetic tree depicting the lineages discussed. The type of letters used in
the names suggests phylogenetic level; that is, vertebrates are a phylum, mammals constitute
a class, whereas invertebrates and amniotes are trivial names. The thick, horizontal line
indicates the time of the Cambrian explosion.
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within the arms. Still, based on the assumption
that all mammals, including shrews, are con-
scious, the octopi brains should be more than
sufficient in size to include this attribute.

It seems reasonable to argue that synaptic
complexity is more important than the size of
the brain when looking for correlates of ad-
vanced behavior (Bumbarger, Riebesell, Rödel-
sperger, & Sommer, 2013; Sakai et al., 2012).
Yet, I consider the above comparisons of suffi-
cient relevance to contend that consciousness
evolved in a particular lineage and for a partic-
ular purpose, rather than simply being a conse-
quence of brain intricacy or size.

To conclude this section, consciousness
seems to be restricted to vertebrates. The next
questions are then: If so, at what point, and why,
did consciousness first appear?

Vertebrates

Various lines of evidence, which I expand on
below and in later sections, suggest the exis-
tence of at least primary forms of consciousness
in mammals and birds (Butler & Cotterill, 2006;
Edelman & Seth, 2009), and likely, in a more
rudimentary form, in reptiles (Cabanac et al.,
2009). Obviously, the closer an animal is to our
lineage in evolutionary terms, the more likely it
is to share human features, and the easier it is to
recognize the existence of these features. Con-
sequently, the case for consciousness is stron-
gest in the apes. Chimpanzees are 98–99% ge-
netically similar to humans (Prüfer et al., 2012);
thus, one would expect that many attributes are
shared in some form between chimps and hu-
mans. For example, chimpanzees display di-
verse cultural inheritance (Whiten, 2011), and
they can learn to communicate with humans
(Segerdahl, Fields, & Savage-Rumbaugh,
2005).

An even more intriguing indication of sen-
tience is offered by experiments suggesting that
chimpanzees distinguish between a conscious
response and a response based on subliminal
signals (Dehaene, 2014): If a picture of a ba-
nana is flashed for about 20 ms, the chimp is
unaware of the image, but it can still influence
behavior; if the animal is subsequently asked to
choose among different types of fruit, the more
likely choice is a banana. This type of experi-
ments works for both humans and chimpanzees,
in that both can be asked whether they actually

did see the banana. Moreover, the brain pro-
cesses involved in subliminal versus conscious
processing of visual stimuli are similar; there is
a broader activation of neural circuits when the
stimuli are shown for a sufficient time to yield a
conscious percept.

Emotions are by many considered a key fea-
ture of consciousness, and they appear to be
present in most, if not all, mammals (Panksepp,
2005). Social species, in particular, show clear
signs of sentiments. We recognize various types
of emotions in other humans by reading facial
expressions and body language, but we can also
learn to recognize related signals in animals.
The similarity of human and animal emotions is
supported by the observation that comparable
muscles tend to be activated when a human, or
for example a dog, display sentiments such as
sadness, joy, fear, or anger (Hallcrest, 1992). It
seems unlikely that evolution would have added
a way to communicate emotions without also
providing the basis for initiating the underlying
emotional experience.

It is possible to activate feelings by stimulat-
ing particular areas of the brain with electrodes.
The resemblance between man and other mam-
mals become evident in these experiments: Re-
lated sites cause a similar display across spe-
cies; for example, by placing the electrodes at a
particular subcortical location, it is possible to
stimulate pleasure in humans and apparently the
same response in other species such as mice and
rats (Kringelbach & Berridge, 2009).

Present (placental) mammals diverged less
than 100 million years ago, whereas our shared
ancestors with birds and reptiles dates back
more than 300 million years (see Figure 3).
Consequently, to the extent that birds and rep-
tiles possess emotions, or other aspects of con-
sciousness, they are likely to be displayed in a
different manner. All amniotes have a reason-
ably complex behavioral repertoire, and at least
birds appear to exhibit cultural transmission
(Laland & Galef, 2009). Compared with lower
vertebrates, amniotes tend to have larger brains
(when adjusting for body size) and are thus
presumably prepared for more complex re-
sponses to the challenges of life (Butler, 2008).

As pointed out above, even bees and octopi
display complex behavior. A noteworthy differ-
ence between them and amniotes is expressed in
the degree of flexibility of response. In the
invertebrate animals, behavior seems to be more
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a question of “pushing a button,” whereas birds
and mammals show hints of deliberation and
individual response, in line with the expected
hallmarks of decisions based on consciousness
and feelings. In mammals, we recognize the
feeling of pleasure by facial expression; birds
may have a related reaction as suggested by the
sounds they make (Riters, 2011). Moreover, a
parrot that learned to use the term good, ex-
panded the use to novel situations, implying that
it did indeed recognize the experience of plea-
sure (Cabanac, 2009). Evidence also indicates
that birds are able to attribute subjective mental
events to other conspecifics; that is, they form
some sort of theory of mind (Emery & Clayton,
2001). Another trait that separates birds, and to
some extent reptiles, from amphibians is that
they develop lasting partner relationships and
practice extensive parental care (Reichard &
Boesche, 2003). More importantly, birds appear
to care about both their offspring and their
mates, and the care seems to be based on feel-
ings rather than on preprogrammed behavior.
For instance, scientists claim to observe signs of
grief when an infant or a partner dies (Archer,
1999). Certain species of birds, such as mag-
pies, may even have the capacity for self-
awareness in that they apparently pass the clas-
sical test of mirror recognition (Prior, Schwarz,
& Güntürkün, 2008).

Some relevant features are present in all am-
niotes, but are not present in amphibians or fish
(Cabanac et al., 2009). For example, if a reptile,
bird, or mammal unaccustomed to human han-
dling is picked up, they all display tachycardia
(increased heart rate). Furthermore, amniotes,
but not amphibians respond to stress with a rise
in body temperature. The increase in heart rate
and temperature presumably reflects an emo-
tion-based strategy for coordinating the re-
sponse to fear. If this is correct, it suggests that
amphibians and fish lack the ability to feel fear
as something unpleasant; instead, they react in-
stinctively. Fish seem to lack certain anatomical
structures associated with pain in mammals
(Key, 2016), whereas reptile brains have fea-
tures suggesting that these animals actually feel
the pain (Cabanac et al., 2009; Mosley, 2011). It
should be noted that nociceptors (neurological
receptors associated with pain) most likely are
present in all vertebrates as well as many inver-
tebrates (Smith & Lewin, 2009). However, the
associated response to noxious stimuli, which is

easily observed in a wide range of species, does
not require feelings or consciousness.

Taken together, the above observations indi-
cate that signs of sentience first appeared in the
amniotes. As pointed out in Figure 3, the initial
split in this lineage, between the sauropsids and
the synapsids, occurred some 315 million years
ago (Warren et al., 2008). The synapsids even-
tually gave rise to mammals, whereas the sau-
ropsids split into present birds and reptiles.
Birds have considerably more advanced brains
and behavior than reptiles, which means the
case for consciousness is stronger in this lin-
eage. Yet, excluding the reptiles would mean
that consciousness evolved independently in
birds and mammals. A model that does not
require recurrent invention of consciousness is,
arguably, more parsimonious. A reasonable
compromise is to suggest that the seed of con-
sciousness appeared before the split of saurop-
sids and synapsids. Once essential prerequisites
had been introduced, a certain degree of con-
vergent evolution seems liable.

Depending on how divergent the animal ver-
sions of a trait may be before choosing a dif-
ferent term, one might choose to restrict con-
sciousness to mammals alone or mammals and
birds. The stance taken here is to include all
amniotes in the category of conscious animals.

Why Amniotes?

To corroborate the hypothesis that conscious-
ness first appeared in the early amniotes, a the-
ory as to why evolution “chose this path” would
be helpful. The theory should explain why the
feature served the animals in question and de-
scribe the setting that promoted this develop-
ment.

It is not necessary to postulate that conscious-
ness was an optimal solution, or even marked a
substantial advantage. The evolutionary process
rarely constructs optimal organisms, because
mere survival is sufficient. One might imagine a
robotic, or “zombie” type, brain that would be
superior to even the human version, but that
possibility does not negate the notion that in-
cipient consciousness was of sufficient value to
be selected for. Although the feature has proven
its value by being expanded on, and by being
present in several successful lineages, it is not
obvious that sentience was a particularly bril-
liant evolutionary scheme.
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Amniotes were the first vertebrates to adapt
completely to life on land. It seems likely that
this situation might have pointed evolution in
the direction of a novel and more advanced
behavioral algorithm. Nonvertebrate animals,
including arthropods and mollusks, colonized
land prior to, or shortly after, vertebrates—
without any obvious expansion of the neural
system or increased sophistication of behav-
ior—but as discussed below, these phyla may
not have had the prerequisites required for a
transition to sentience. I see five arguments that
can help explain why consciousness evolved in
amniotes. The first three concern their particular
needs:

1. Although the early, terrestrial ecosystems
probably were less complex than contem-
porary marine environments—in terms of
harboring a lower diversity of life forms—
the conditions may have changed more
rapidly on land. Aquatic life forms had
gone through some three billion years of
coevolution, which suggests that the rela-
tionships among the various species were
reasonably stable, whereas terrestrial eco-
systems were probably more fluid. This
and the following point both imply that an
increase in evolutionary fitness could be
obtained by improving the adaptability of
behavioral responses. Moreover, as dis-
cussed elsewhere, terrestrial adaptation
tends to spur evolutionary innovations
(Vermeij, 2017).

2. Key environmental features, such as tem-
perature and access to water, are more or
less constant in the sea, whereas they fluc-
tuate drastically on land.

3. Amniotes are relatively large animals with
long generation times and modest litters,
which imply that these organisms could
not evolve as fast as, for example, insects.
Consequently, adaptation to novel envi-
ronments relied to a greater extent on in-
dividual adaptability, rather than on ge-
netic modification. That is, they would be
more in need of advanced behavioral
control.

The next two points concern their prerequisites:

4. The early amniotes most likely possessed
a more sophisticated and more centralized

neural system compared with the other
phyla mentioned above, and thus enjoyed
a better starting point for the elaboration
of behavioral algorithms.

5. Amniotes evolved lungs as an adaptation
to terrestrial life. The brain is an expensive
organ to operate, requiring a substantial
portion of the energy (and oxygen) an
organism can procure (Mink, Blumen-
schine, & Adams, 1981). Introducing a
system of feelings and concomitant
awareness, as a strategy for complex de-
cision-making, presumably provided a
push in the direction of larger and even
more demanding brains. The concentra-
tion of oxygen is much higher in air com-
pared to water, but of the terrestrial ani-
mals, only amniotes developed an
efficient breathing organ.

I believe these five points contributed to the
emergence of consciousness, but one should
also take into account the stochastic nature of
the evolutionary process. As mentioned earlier,
elaborate nonconscious behavior is certainly
feasible; the decision-making strategy employ-
ing consciousness and feelings was presumably
due, in part, to chance (some may argue provi-
dence).

The Role of Feelings

In the former section, I described why a more
sophisticated behavioral algorithm would be of
particular benefit for the amniotes, but not why
that algorithm should entail sentience. In this
section, I suggest an explanation regarding what
actually triggered the evolution of conscious-
ness.

An interesting clue is that we tend to consider
the capacity for feelings to be closely associated
with the capacity for consciousness. Feelings,
or emotions, are typically listed among the de-
fining features of consciousness; and they have
been suggested to play a role in the evolution of
consciousness (Cabanac et al., 2009; Denton,
McKinley, Farrell, & Egan, 2009; Mosley,
2011). Not surprisingly, consciousness and feel-
ings tend to follow each other in the way we
reflect on animals. That is, we are worried that
if a species is conscious, then the way we treat
members may involve pain, and our innate ten-
dency for empathy is repelled by that thought. It
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might be argued that conscious monitoring of
the environment could be a useful attribute in
regard to making decisions, even in the absence
of pleasant or unpleasant stimuli. In fact, it is
possible to lack the capacity for physical pain
(Peddareddygari, Oberoi, & Grewal, 2014), or
fear of external events (Feinstein, Adolphs,
Damasio, & Tranel, 2011) without diminishing
the capacity for consciousness. Yet, feelings
and consciousness are, nevertheless, intrinsi-
cally tied together.

Before moving on, I shall clarify how I use
key terms in relation to feelings. It should be
noted that the present use differs somewhat
from what is common in psychology (Miskovic,
Kuntzelman, & Fletcher, 2015), but is reason-
ably in line with a neurological approach (Krin-
gelbach & Berridge, 2009). Feelings, emotions,
and sensations are overlapping concepts. All
three usually imply something good or bad
(pleasure or pain) in combination with what
may be referred to as a “flavor.” The flavor can,
for example, be fear, love, hunger, or the taste
of coffee.

Hedonic value refers to the positive or nega-
tive aspect of feelings, rather than the particular
flavor or type. Feeling is used as a broader term
and includes any type of experience that tend to
be accompanied by hedonic value; emotion typ-
ically describes feelings associated with social
relations, whereas sensation describes feelings
related to external or internal senses.

The parts of the brain involved in generating
any sort of pleasure or displeasure may be re-
ferred to as mood modules (Grinde, 2012). In
the present article, the term feelings is used to
describe the conscious output of these modules.
Interestingly, the hedonic value appears to be
generated by three sets of nerve circuitry re-
gardless of the “flavor” involved; that is, there
are two reward modules (seeking and liking)
whereas there is only one module for displea-
sure (Kringelbach & Berridge, 2009; Panksepp,
1998). For example, the experience of envy
activates pain-related circuitry, whereas
schadenfreude (delight in other’s misfortune)
activates reward circuitry also associated with
other pleasant experiences (Lieberman & Eisen-
berger, 2009; Takahashi et al., 2009).

The response to the challenges of life evolved
gradually from a reflexive “approach or escape”
to a multifaceted decision-making process
weighing a variety of pros and cons. To effec-

tively assess options, the animal requires a rou-
tine for comparing alternatives. The purpose of
behavior is to benefit the genes, but the neural
system needs a more proximate and tangible
aim. In short, the organism benefits from some
sort of “common currency” for weighing what
is “good” for the propagation of the genes
against what is “bad” (McFarland & Sibly,
1975). The chosen currency of the early am-
niotes was presumably the hedonic value. The
net value is positive (pleasant) in the case where
approach is appropriate, and negative (unpleas-
ant) if avoidance is called for. The amniote
brain considers the outcome of various actions
(in terms of positive and negative expectations,
or net hedonic value), and hence the presumed
optimal option. In other words, the key principle
is to motivate behavior based on pleasure max-
imization. For example, for an antelope ap-
proaching a rare source of water guarded by a
lion, the question is whether the pleasure of
quenching the thirst outweighs the fear of being
attacked.

To summarize, feelings evolved as one, out
of numerous possible algorithms that improved
the neurobiological processing taking place be-
tween the sensory organs and the executive
branch of the neural system. The hedonic score
given to various options depends on previous
experiences and future forecasting. It also de-
pends on innate tendencies; for instance, hu-
mans may have a genetically programmed pro-
pensity to fear snakes (Silva, Gross, & Gräff,
2016). Although the primary function of the
nervous system is to initiate and control move-
ment, the primary function of the centralized
unit(s) of this system, such as the human brain,
is to decide the direction of movement. The
present description is related to the notion of
prospection as described by Gilbert and Wilson
(2007); that is, a main function of the (mamma-
lian) brain is to predict (by preexperiencing the
future) hedonic consequences of various ac-
tions. The simpler versions of conscious brains
will build their predictions primarily on innate
predispositions and previous experiences from
similar situations, whereas the more advanced
brains, such as the human version, can extrap-
olate and thus simulate future events in the
absence of any obvious reference points. More-
over, the advanced brains can consider not only
immediate actions, but plan for the distant fu-
ture. Prospection offers a useful tool for arriving
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at behavioral decisions, but as pointed out by
Gilbert & Wilson, the decisions may easily be
skewed. Seligman, Railton, Baumeister, and
Sripada (2016) offered a related view when
describing the brain as an “engine of predic-
tion.” However, although feelings and con-
sciousness mark a particular flexible and pow-
erful strategy for making predictions, even the
primitive nervous system of a nematode can be
said to predict the future when the reflex is
changed so that the animal makes a turn upon
registering the smell (chemical signature) of a
bacteria that previously caused harm (Zhang et
al., 2005). Furthermore, even the human brain
embraces strategies that do not rely on predic-
tion, as exemplified by reflexes.

The crucial point is that a system based on
feelings requires a capacity to actually experi-
ence the hedonic value. It is difficult to envision
how the strategy could evolve without a con-
current ability to perceive the good and the
bad—feelings need to be felt. This ability would
seem to require some form of awareness. In
other words, the use of feelings may have been
the cue pointing evolution in the direction of
sentient beings.

Alternative Explanations

Although it seems difficult to imagine feel-
ings in the absence of some form of sentience,
other advantages can have caused conscious-
ness to evolve prior to the emergence of feel-
ings. For example, researchers have argued that
consciousness evolved as a strategy aimed at
facilitating computational brainpower; or, sim-
ply, as a byproduct of a sophisticated brain (see,
e.g., Harnad, 2003; Rosenthal, 2008). Given the
previous discussion on the disadvantages of
conscious processing, I believe the former sug-
gestion is unlikely. The latter alternative sug-
gests that consciousness is an epiphenomenon;
that is, an incidental side effect of selection in
the direction of more advanced brains. In the
case of consciousness, the selection might be
for advancements in sensory processing and
problem solving; then, at some level of com-
plexity, consciousness just emerged. The epi-
phenomenon model seems less attractive for the
following two reasons: (a) Conscious process-
ing is a complex, conspicuous, and presumably
energetically expensive feature that one would
expect to emerge only when providing a distinct

advantage, and (b) it is possible to outline a
scenario (the use of feelings) that depicts why
evolution opted for consciousness.

The capacity to learn from previous experi-
ences is a vital component when it comes to
improving decision-making, but learning does
not require consciousness. I mentioned that C.
elegans can learn, and even in humans learning
can be facilitated by unconscious processing. If
you experienced that an oven plate burns you,
withdrawing your hand a second time can be a
reflex. The point here is that an additional value
is required for there to be any reason to engage
a slow and often clumsy conscious response; for
example, in the form of a common currency that
allows for a more sophisticated algorithm. In
the case of mammalian brains, that currency is
the hedonic value of feelings. Other currencies
are conceivable—some may require conscious-
ness, some not— but if an alternative, con-
scious-requiring algorithm had evolved prior to
the use of feelings, one would have expected
evolution to expand on this option rather than to
introduce feelings.

Part of the learning, and thus the decision-
making process is to “compare predictions with
reality.” The behavioral algorithm based on
feelings implies that the person anticipates fu-
ture rewards and punishment (by prospection),
and the rewards/punishment harvested at that
later point are taken into account the next time
the individual encounters a similar situation.
However, the trial and error process in itself
does not require feelings or consciousness; in
fact, trial and error is one of the foundations of
machine learning. The mammalian version of
trial and error learning tends to engage con-
scious processes, but that does not mean that the
use of “trial-and-error” type reasoning fueled
the evolution of sentience.

Another question is whether the expansion of
sensual information could have driven the evo-
lution of sentience? Even humans often respond
without being aware of either the stimuli or the
response (or both), such as when the pupils
contract as a reaction to increasing light. Ad-
vancement in the capacity to sense the environ-
ment should only point toward sentience if it is
combined with a consciousness-demanding al-
gorithm for employing the information.

The attention schema theory (Graziano &
Webb, 2015) suggests that awareness grew out
of a need to limit and select the information
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flow stemming from the sense organs. The main
problems with this theory are, I believe, (a) that
the selection of information to a large extent is
handled by unconscious processes and (b) that
as unconscious processing works faster than
conscious processing, consciousness is likely to
reduce the amount of information that can be
compiled to evaluate behavioral options (De-
haene, 2014). Even humans rely on the uncon-
scious to handle complex information; other-
wise, we would, for example, not be able to
perform the muscle coordination required to run
across a difficult terrain.

Neurological Evidence

It is difficult to define a neurological correlate
of consciousness that applies to a wide range of
animals. Consciousness engages a large, and
vaguely defined, portion of the mammalian
brain. Moreover, primary forms of conscious-
ness may require different neural structures
compared with the advanced human form of
consciousness; and in lineages that split a long
time ago, one would expect that the underlying
neurology has diverged. Yet, there are neuro-
logical features that appear to be relevant to

describe consciousness in several species. Al-
though states of consciousness are difficult to
compare across species, the neurological and
behavioral effects of agents known to impact on
consciousness in humans can be examined in
animals.

Although it is relatively easy to outline ho-
mologous brain structures within mammals, the
task is more challenging when it comes to other
vertebrates. Figure 4 depicts gross anatomical
variations within the amniote clade. Although
homologs of the main structures are easily dis-
cerned, the comparison becomes problematic in
the case of various subcomponents.

As alluded to previously, consciousness does
not necessarily require exceedingly advanced
neurological structures. If basic forms of con-
sciousness can fit within the 60 mg brain of a
shrew, it can hardly be the most complex fea-
ture that evolution has created. Indeed, con-
sciousness appears to be present in the absence
of a cortex, as evidenced by mammals where
the cortex is removed (Alkire, Hudetz, &
Tononi, 2008; Panksepp, Normansell, Cox, &
Siviy, 1994), and by hydranencephalic children,
that is, humans born without cortex or with
minimal remnants thereof (Beshkar, 2008). In

Figure 4. Drawings of reptile (alligator), bird (goose), and mammalian (rat and human)
brains (not to scale). Only the main structures are indicated. (Adapted with permission from
original by Richard Granger, Dartmouth College).
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these individuals, it is conceivable that remain-
ing structures of the forebrain—particularly
components of the basal ganglia such as the
nucleus accumbens, striatum, and ventral palli-
dum—are sufficient to generate a state resem-
bling primary consciousness. The cortex is pre-
sumably required to produce a wider variety of
experiences, as well as for higher cognitive
functions. The above observations underline the
problem of finding universal structures or activ-
ities that define consciousness.

One theoretical stance that has gained broad
acceptance is that (normal) mammalian con-
sciousness reflects a continuous and complex
back-and-forth signaling in wide-ranging neural
circuits within the thalamocortical complex
(Alkire et al., 2008; Crick & Koch, 2003; Edel-
man & Seth, 2009). This complex, which in-
cludes the basal ganglia and possibly other parts
of the forebrain in addition to the thalamus and
the cortices, can be described as a global neu-
ronal workspace that sets the stage for con-
scious processes (Dehaene, 2014). There is con-
tinuous activity in these circuits even in the
absence of awareness. A sentient experience
implies distinct perturbations in this basic (more
orderly) signaling. The change of activity can
be observed as electroencephalography (EEG)
patterns in mammals and is considered to sig-
nify consciousness (Butler, 2012; Seth et al.,
2005).

The observation that consciousness is regu-
larly turned on or off (or at least drastically
modified) on a diurnal basis, suggests there
must be some form of neuronal “switch.” There
are indeed circuits that contribute to activating
or dampening arousal and/or awareness. The
primary switch appears to be situated in the
reticular activating system of the brain stem
(Edlow et al., 2012; Steriade, 1996). This sys-
tem has the capacity to turn brain activity up or
down, as typified by diurnal cycling. However,
this switch is not very useful as an indicator of
consciousness because most organisms display
diurnal cycling; that is, a related switch is pres-
ent even in primitive neural systems (Funato et
al., 2016).

A secondary, perhaps more consciousness
specific, switch seems to reside in the intrala-
minar nuclei of the thalamus (Saalmann, 2014;
Schiff, 2009). Here, direct injections of agonists
to the generally inhibitory neurotransmitter
GABA cause rapid sedation in rats (Miller &

Ferrendelli, 1990). A patient, who had been in
the state of minimal consciousness for six years,
showed signs of “awakening” upon stimulation
of these nuclei by electrodes (Schiff & Fins,
2007); and thalamic damage in humans can
result in a vegetative state (Alkire et al., 2008).
The presence of this switch supports the notion
that at least all mammals are conscious.

Birds, but to a lesser extent reptiles, have
brain activity and structures associated with
consciousness, whereas these features are not
well developed in amphibians and fish (re-
viewed in Butler, 2008; Edelman & Seth, 2009).
The avian pallium (which corresponds to the
cortex) and thalamus support itinerant activity
comparable to that found in the corticothalamic
complex of mammals. In fact, an assessment of
the neurobiology of reptiles, birds, and mam-
mals reveals several aspects that suggest con-
vergent evolution in the latter two lineages
(Butler & Cotterill, 2006; Mashour & Alkire,
2013). That is, both birds and mammals appar-
ently evolved brains better equipped to cater to
advanced forms of consciousness compared
with what we find in reptiles.

Dopamine may serve a key role in both the
reward module referred to as “seeking” (Bar-
bano & Cador, 2007) and in consciousness
(Palmiter, 2011). Researchers have suggested
that the considerable increase in telencephalic
dopamine receptors in reptiles, as compared
with amphibians, constitutes evidence for the
notion that both consciousness and feelings
first evolved in the amniotes (Cabanac et al.,
2009).

Although diurnal cycling is present in most
organisms, REM sleep evolved more recently.
REM sleep is associated with dreaming; and
based on EEG patterns, it is a state that resem-
bles the normal awake situation. The distinct
changes in EEG, between slow oscillations as-
sociated with deep sleep and the conscious-like
oscillations of REM sleep, are considered to
indicate a capacity for consciousness (Edelman
& Seth, 2009). Previously, REM sleep was pre-
sumed to be restricted to birds and mammals
(Rattenborg, 2006), but a related state has re-
cently been observed in reptiles (Shein-Idelson,
Ondracek, Liaw, Reiter, & Laurent, 2016), add-
ing evidence to the inclusion of this lineage as
sentient beings.
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The Human Version

One factor hampering our efforts to under-
stand consciousness may simply be that the
human version of the feature has progressed far
beyond the original state. The human lineage
obtained advanced attributes such as self-
awareness, language, cognitive power, and a
capacity for long-term planning; which suggests
that human decisions are based largely on cog-
nition and objectives not directly associated
with hedonic value.

There are additional reasons why our experi-
ences differ somewhat from the suggested evo-
lutionary focus on feelings. For one, even
though the primary mission of consciousness is
to assist in making decisions, this task requires
that the conscious brain is served information
about the environment. The information stem-
ming from sense organs does not necessarily
carry a positive or negative charge; feelings are
primarily activated when there are reasons for
taking action or focusing attention. Once con-
sciousness has been installed, it seems reason-
able to add as much information as there is
capacity to handle, to obtain the best platform
for behavioral decisions.

A second point is that although much of what
we experience, or think, does actually move the
hedonic value slightly up or down, we do not
always recognize these changes. Looking at a
flower, or talking with a friend, adds small
“drops of pleasure.” These “drops” are more
than enough to motivate action, even if they are
not recognized as pleasure.

A third point is that the algorithm based on
feelings presumably evolved on top of previous
(unconscious) algorithms, which are still pres-
ent in our brains (as exemplified by the contrac-
tion of pupils). Habits are typically formed
based on hedonic value, but can be repeated in
the absence of further rewards (Pauls, Abramo-
vitch, Rauch, & Geller, 2014; Robinson, Sand-
strom, Denenberg, & Palmiter, 2005). Most
likely, the mood modules still play an important
role in behavioral decisions, by motivating us
for actions or attention, even though we do not
always recognize their presence.

Conclusion

In the early neural systems, sensor cells acti-
vated effector neurons and thus muscles, with

little or no need for processing of the sensory
information. As it seems unlikely that these
animals were conscious, this attribute presum-
ably developed at a later stage. I suggest that the
evolution of conscious processes started in the
early amniotes.

We humans tend to be somewhat obsessed
with our conscious world, considering it to be
all what life is about, when in reality it is only
one of a large number of “apps” that evolution
introduced to the (unconscious) brain. Other
functions may actually be more advanced, or
require more in terms of processing power, than
a primary form of consciousness. The list of
advanced functions includes how the brain
translates minor variations in air pressure to
yield the highly precise information present in
language and music; and how the cerebellum
manages to fine-tune muscle activity to create
sophisticated movement. We do not understand
how neural circuits create consciousness, but
the gaps in our understanding of other brain
functions are arguably equally large.

Below are summarized the main lines of rea-
soning in support of the present model for the
evolution of consciousness:

1. The core function of a brain is to make
behavioral decisions, and this is primarily
a question of either approach or avoid-
ance, a dichotomy that is a characteristic
feature of all neural systems, including
those based on consciousness. In con-
scious brains the decision is typically
based on prospection.

2. The capacity to feel carried an evolution-
ary advantage as a flexible and adaptable
strategy to evaluate behavioral options.
That is, feelings function as a “common
currency” for comparing approach-or-
avoid options based on the associated pos-
itive or negative salience. The brain mo-
tivates the individual to act according to
the principle of pleasure maximization.

3. For feelings to make any sense, the capac-
ity to experience pleasure and displeasure
seems to be required. It is difficult to con-
ceive of distinct alternative advantages of
primary forms of consciousness; for ex-
ample, consciousness is not required for
learning, complex behavior, or for re-
sponding to sensory information.
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4. Sensory input provides an important
source of information for making deci-
sions and is therefore expected to play a
dominant role in the conscious experience
of life. Information relevant for conscious
decisions engages the mood modules.

5. Various lines of evidence suggest that
awareness and feelings evolved concur-
rently in early amniotes. The evidence for
this contention includes physiological re-
sponses, types of behavior, and neurolog-
ical features related to conscious process-
ing.

6. Whereas convergent evolution toward
more advanced forms of consciousness in
birds and mammals seems likely, conver-
gent evolution of consciousness from
scratch seems unlikely, which suggests
that advanced behavior in other phyla is
based on different algorithms.

Evolution typically uses indirect means to
promote the propagation of the genes. In mam-
mals, for example, the pleasures of sex, rather
than a desire to have children, are sufficient to
ensure procreation. Pleasure maximization
therefore seems to be a more likely strategy to
ensure behavior catering to the survival of
genes, compared with a purely cognitive notion
of what is beneficial. To improve the capacity to
make decisions that promote the genes, evolu-
tion would need to produce a suitable algorithm.
Motivation based on feelings was the solution
of choice in our lineage.

It is possible, albeit difficult, to find addi-
tional evidence favoring the present model. Per-
haps the more promising line of investigation is
to improve our understanding of the neurologi-
cal correlates of consciousness. The technology
required to examine neurological processes can
be applied to any relevant species of animal.
One intriguing observation is the difference in
neurological signature when humans or chim-
panzees experience visual information to be ei-
ther subliminal or conscious (Dehaene, 2014).
Present efforts tend to use pictures flashed for
varying duration, but it is possible to investigate
information from other sense organs. It would
be interesting to compare response using repre-
sentative species of fish, amphibians, reptiles,
birds, and mammals. Although it is difficult to
ask these animals what they experience, it
should be possible to tune the conditions (e.g.,

the duration of a visual presentation) to elicit
either a limited (subliminal) activation in the
brain or a global activation suggestive of con-
sciousness. Based on the present model, the
latter should only occur in the amniotes.
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