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Abstract
Longstanding scientific efforts have been dedicated to answer why and
how our particular intelligence is generated by our brain but not by the brain
of other species. However, surprisingly little effort has been made to ask
why no other species ever developed an intelligence similar to ours. Here, I
explore this question based on genetic and paleontologic evidence.
Contrary to the established view, this review suggests that the
developmental hurdles alone are not high enough to explain the
uniqueness of human intelligence (HI). As an additional explanation I
propose that HI is normally not retained by natural selection, because it is,
under most conditions, an intrinsically unfavourable trait. This
unfavourableness, however, cannot be explained by physical constraints
alone; rather, it may also be rooted in the same emotional and social
complexity that is necessary for the development of HI. Thus, a major
obstacle towards HI may not be solely the development of the required
physical assets, but also to cope with harmful individual, social and
environmental feedback intrinsically associated with this trait.
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Introduction
Our particular type of intelligence is commonly believed to be 
the central feature that has allowed humans to become one of 
the most abundant mammals on Earth. Yet, although our intelli-
gence is such a powerful and generally useful trait, it has never 
been paralleled in any other organism. As an explanation, we 
generally assume that our cognitive uniqueness results from the  
major difficulty in achieving the required level of developmen-
tal sophistication. And after billion years of competitive evo-
lution, we humans were the first species advanced enough to 
surmount these difficulties and to accumulate all features neces-
sary for achieving this higher intelligence. Here, I investigate 
this conjecture and its underlying assumptions. For this purpose,  
I deliberately and necessarily adopt a very narrow anthropo-
centric definition for human (or human-like) intelligence (HI) 
as “the intelligence that enables development of advanced 
technology-based societies like ours”. Within this definition,  
‘intelligence’ does not only refer to ‘computing power’, but also  
to the full ensemble of cognitive and character traits required.

A race towards higher intelligence?
First, underlying this conjecture is a worldwide trend toward 
ever higher levels of intelligence, a trend that reached a criti-
cal threshold in the Pliocene when HI was finally developed 
in humans1,2. Evidence for such a trend is weak. While a  
global trend toward bigger brains has been observed in sev-
eral instances, it does not hold true for all taxonomic levels1–4.  
It is unclear if this trend, which is weak and concomitant with 
an increase in diversity and afflicted by exceptions, is the result 
of directed evolution or random drift3. It also appears that this 
trend, if it indeed exists, is a much weaker driving force than  
are the forces that are linked to adaptation to a specific niche5.

Linear evolution versus iterative adaptation
The argument that Homo sapiens was the first to reach an  
HI-enabling level of developmental sophistication evokes a  
linear view of evolution that posits that basal forms develop 
into ever more advanced and intelligent organisms. However, 
paleontologic and genetic evidence shows that evolution is not  
an orderly step-by-step advancement; rather, it is characterised 
by consecutive waves of radiation of species (many of which 
become dead-end groups) into the same ecological niches6.  
During this iterative process of consecutive adaptations, many 
sophisticated characteristics (such as vision, flight, echolo-
cation, burrowing or re-adaptation to water) evolved several 
times, successively and independently, in different species6–11  
(Figure 1). Even mammalian hallmark features, such as the middle 
ear and tribosphenic (crushing and biting) molars, evolved 
not once but several times in different mammals6,12. This  
convergence level of evolution indicates that the geologi-
cal time scale is sufficiently large compared to the biological  
reproduction and diversification rates that even complex ana-
tomical and molecular features can be reproduced if they enhance 
the chances of a species’ survival. Since our type of intelligence  
appears to be such a powerful and versatile development for  
the survival of a species, why has no other organism acquired HI?

Lack of suitable environment?
The previous section highlights the importance of ecologi-
cal niches in directing the evolution of specific traits. Hominid 

evolution is indeed likely to have been driven by particular 
changes or variability in climate, although the exact nature and 
importance of these changes are a matter of debate13. More  
specifically concerning our cognition, coping with environmen-
tal changes has been suggested as a factor that drives brain evo-
lution, within the cognitive buffer hypothesis14. Nonetheless, 
the climate changes evoked are not sufficiently rare or  
specific to be a serious limiting factor for the development of 
HI in other species. Moreover, similar environments, or envi-
ronmental changes, have failed to promote the emergence of 
HI in other species. Additionally, if the competitive advan-
tage and driving force of HI development lies in overcoming  
dependence of the environment14, then this advantage would 
profit many species, and hence is not a limiting factor. Finally, 
the rapid and almost worldwide spread of Homo species  
shows that its type of intelligence can be used under many  
conditions and is not an adaptation limited to a unique environ-
mental ecological niche or geological condition that existed  
only at the precise time and place of the origin of humans.

Brain size, structure and complexity
Compared to the brain structure and brain-body ratios of other 
animals, the human brain is, of course, exceptionally big and 
complex in terms of layered structure, interconnectedness and 
neuronal diversity. But is its structure unique and sophisticated 
enough to justify that our brain capacity was never paralleled 
through adaptation and convergent evolution? Accumulated  
evidence suggests that the answer is no. Neuroscientists have 
established that the brain structures of birds and mammals are 
never simple. The anatomical differences between species reflect 
the animals’ adaptations to a particular niche, not the lack of suf-
ficient time for their brains to become more complex5. In fact, 
the human brain is less evolved (in the sense of being altered 
with respect to the brains of stem mammalians) than the aye-
aye (Daubentonia madagascariensis) brain15. Rather, the human 
brain is more or less a scaled-up version of a non-human primate  
brain16. Its size and structure are principally the result of 
simply extending the high growth rate of foetal brains into  
early infancy17–20. This prolonged growth was achieved by the 
modification of gene expression patterns of a few regulators21,22,  
a common mechanism for species differentiation (for  
example,23–25). Of course, the scaling-up of the primate brain did 
not linearly affect all components, and the enhanced increase of 
the neocortex was certainly key to generating HI. Yet, altering 
the gene expression pattern of a single transcription factor (Pax6) 
in mice to a human-like pattern suffices to obtain a primate- 
like increase in neural progenitors, notably basal radial  
glia, and ultimately in the number of neurons produced, 
which is thought to underlie the evolutionary expansion of the  
neocortex22. Human brain performance was additionally boosted 
by slightly increasing the ratio of astrocytes to neurons, a ten-
dency already observed in other higher mammals26. This ratio 
present in humans is, however, similar to that seen in other  
primates16. In terms of genetic modifications, the development of 
the human brain therefore appears to be based on extending already 
existing features through gradual and common mechanisms,  
rather than being the result of a developmental quantum leap.

Such genetic evolutionary mechanisms are not restricted to pri-
mates. For example, it was the expansion of a handful of gene  
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Figure 1. Evolution of features related to thinking, swimming and flying. Left: Skeletal changes associated with evolution of the human 
brain. (A) Rhinopithecus (stub-nosed monkey), (B) Australopithecus, (C) Homo erectus, (D) Homo neanderthalensis, (E) Homo sapiens. Note 
that also other anatomical features are likely to be required for human intelligence (HI) (for example those enabling tool-use). Middle: Skeletal 
changes associated with the evolution of whales. Adaptations to the aquatic habitat include: Removing of external appendices (ears, genitals, 
hind legs); changes of skin; loss of hair; stream-lined body shape; development of a sealable blowhole on top of the head, flippers, tail 
flukes and a dorsal fin; evolution of a flexible rib cage; increased organ-selective oxygen storage in the body; increased anaerobic capacity 
of muscles; capacity to slow down pulse (bradycdia); capacity of resting (‘sleeping’) one half of the brain at a time; tail-first birth of babies; 
development of echolocation (odontoceti). (A) Diacodexis, (B) Pakicetcus, (C) Ambulocetus, (D) Dorudon, (E) Balaena. Taken from 27. 
Right: Convergent evolution for wing development. (A) pterosaurus, (B) bat, (C) bird, (D) insect, (E) flying fish. Note that although vertebrate 
forelimbs adaptions are functionally convergent, they are not anatomically convergent. Insect wings are formed from a totally different organ. 
Although flying and re-adaptation to water are not equivalent to the development of HI on all levels, they might serve as comparison in terms 
of ‘evolutionary difficulty’ with respect to the required profound reshaping or combination of existing structures (including alterations in bone 
structure, muscle, metabolism, respiration, vision or connective tissue).

families and genome rearrangements in an otherwise standard 
invertebrate gene background that allowed octopuses to pro-
duce profound morphological and neurological changes28. These 
changes sufficed to produce a large and sophisticated nervous 
system in addition to profound morphological innovations for  
their vision, arms and embryogenesis, resulting in a dramati-
cally increased cognition and behavioural richness in octopuses 
as compared to worms, molluscs and other lophotrochozoans. 
Thus, the emergence of our highly specific human cognition has 
been achieved through continuity on a genetic level, accessible  
in principle also to other species.

Convergent evolution of intelligence
Since the human brain originated through extensions of primate 
brain features, can HI originate only from the brain structure 
of apes (Hominoidea)? If this is the case, then apes would 
have had to evolve first before HI occurred, and this condi-
tion may help to explain the late and single occurrence of  
this type of intelligence. However, it was not only other primate 
species (such as capuchins), but also elephants, cetaceans and 
certain birds that independently evolved cognitive and social 
characteristics that are very similar to those of apes (including  
self-consciousness, grief, altruism, play, envy, compassion and 
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abstract numerical competence), despite having fundamen-
tally different brain architectures29–35. Although the overall brain 
architecture differs, convergent evolution can produce obliga-
tory neuronal adaptations in unrelated genera. For example, von 
Economo neurons, which have been related to complex social 
behaviour, have independently evolved in primates, whales,  
elephants and racoons36. Because of neuroplasticity, such con-
vergent evolution is even easier for the brain than for other  
organs. Accordingly, our particular intelligence is not based 
on unique characteristics; rather, it arises from a combina-
tion and enhancement of abilities found in other vertebrates37. 
In fact, our large brains and particular intelligence appear to 
be independent of our ape phylogeny; rather, they result from  
convergent processes similar to those that produced avian and 
New World monkey brains38. Taken together with the find-
ing that in some cognitive tasks monkeys can be outperformed 
by other animals, including birds39,40 and even fish41, scien-
tific evidence does not support the unilinear view that only the  
brain structure of apes is suited to produce HI.

Overcoming the high energy requirement
Big brains are energetically costly organs. Moreover, because 
of its neuronal density and neuron/glial cell ratio, a human 
brain requires more energy than for example a rodent brain of 
the same size42. Could the unique development of HI in humans 
be explained by our species being the only one capable of  
coping with the high metabolic demand of a brain required for  
generating HI?

There are many ways of overcoming metabolic limitations. 
These include shifting to higher-energy food sources (such as 
nuts, honey or meat, especially from invertebrates like mol-
luscs or insects); external transformation of food to a more 
edible state (through grinding, fermentation, cooking or other 
types of food processing); more efficient use of existing food  
sources through simple tools and/or strategies (for transport, 
butchery, or storage); adaptive genetic changes to improve 
the digestive system (and associated microflora), or to dimin-
ish body energy expenditure [such as changes in skin coating 
(e.g. fur or feathers) or locomotion (e.g. bipedalism, architec-
ture of limbs and feet)]; increasing foraging efficiency through  
intra-species organisation (e.g. for hunting, gathering, carcass 
defence or food processing); or shifting to habitats richer in 
high-protein food sources. A subset of these strategies was  
sufficient to provide the increased energy demand throughout  
hominid evolution (see ref. 43 and discussion therein). These 
strategies (including the cognitive capacities to cook44) do not 
require features that are only found in humans, making suffi-
cient subsets of them also accessible to other species. Moreover, 
as the brain of an organism becomes bigger and more powerful, 
the enhanced cognitive capacities will increasingly enable this  
organism to implement strategies to enhance energy intake. 
The cognitive pay-offs of big brains should therefore allow 
alleviation of the associated energetic cost. In conclusion, 
while the high energy demand of an HI-capable brain is an  
important roadblock for the development of HI, the physical  
and intellectual strategies required to overcome this hur-
dle are not only accessible to the human body plan. And 

although the adaptations required to sustain a big brain are pro-
found, they are paralleled, for example, by the metabolic and 
physical adaptations required for powered flight, which has  
evolved multiple times in different taxa (Figure 1).

Language and intelligence
It appears safe to assume that HI would not be possible  
without a powerful language. Compared to other animals, the 
human language appears to distinguish itself in many ways,  
including the large amount of symbols used (‘vocabulary’), the  
complex compositional, hierarchical and recursive syntax, and 
the need to learn the complete language from scratch during  
an individual’s lifetime45. It has been suggested that language 
evolution and efficient tool use have stimulated each other  
mutually46. More generally, it might be that the way of think-
ing that our language enables is what makes us human47,48. It is 
therefore important to discuss whether the uniqueness of HI can  
be explained by the uniqueness of our language.

Adopting the particular viewpoint of this assay, we then have to 
ask whether the production of HI-supporting language would 
be possible for other species. Let us first consider the require-
ments for producing a sufficient vocabulary. On a purely  
anatomical or mechanistic level, a HI-supporting language might 
be any sort of expression not limited to speech (e.g. twitter,  
tapping, signs, gestures, visual cues) that can produce a  
sufficient vocabulary space. This requirement does not seem 
to be restrictive. Moreover, some evidence suggests that the 
increase in human brain size preceded the development of 
finely articulated speech49. It is therefore not the capacity for an  
articulate vocalisation, but only a predisposition for it, that is  
essential to the evolution of HI.

Let us now consider language syntax and acquisition with 
respect to human uniqueness. It has indeed been proposed that 
such properties of the human language are neither specific to 
language nor to humans47,48. Already Darwin had recognized 
the similarity between birdsong and human speech50. The proc-
ess and the underlying neuronal circuits by which a young bird  
learns the songs from an adult ‘tutor’ show indeed strong paral-
lels with speech acquisition in human infants on behavioural, 
neural and genetic levels51,52. Moreover, common genetic key 
players have been identified, including the FOXP2 gene53,54. 
The hierarchical combination of ‘words’ bears resemblance to 
semantic combinations in primate calls or compass headings  
in honeybees55,56. It has therefore been suggested that the 
human language results from the combination of separate, 
pre-existing simple systems that may have evolved for other  
functional tasks57.

In conclusion, while the exact behavioural, neural and molecu-
lar links between language, intelligence and behaviour are 
still emerging and under debate, significant characteristics of 
human language appear accessible to other species, including  
non-primates, and are not tied to a specific brain anatomy or 
size. Thus, current evidence suggests that the evolution of a  
HI-supporting language is not a feature strictly limited to humans 
or the human brain anatomy or speech production.
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Is there an essential combination of features?
HI poses requirements to a candidate species beyond devel-
oping and coping with the appropriate brain anatomy, associ-
ated energy demands and language. For example, HI would be 
most useful in an organism that can use tools and has a com-
plex social system that allows transmitting and accumulating 
acquired knowledge and culture. Importantly, these individual 
features synergise with each other (e.g. 46,58) and may need to  
evolve as an ensemble. While producing one individual fea-
ture may not be particularly difficult, and although combina-
tion of pre-existing traits is a common evolutionary mechanism, 
it could still be that the combined likelihood of assembling  
all required features in one species is sufficiently small to 
explain HI’s uniqueness. Unfortunately, it is currently impos-
sible (i) to test which sub-ensemble of characteristics is a strict 
prerequisite for HI development (as opposed to characteristics 
which can be developed en route towards HI), and (ii) to quanti-
tate the likelihood for the occurrence of such an ensemble in one  
animal. Thus, we can only approximate this question by  
asking if the presence of HI-enabling features and capaci-
ties was uniquely found in early hominids. In other words, is HI 
development such a rare event because of a shortage of suitable  
candidate species?

Tool use is well documented in many animals and is nei-
ther restricted to primates (it has been observed in sea otters, 
elephants and dolphins) nor to mammals (more than 120 
cases of tool use in 104 bird species have been reported)59–62. 
Many species of dinosaurs, Triassic archosaurs or marsupials  
were/are bipeds with free, articulate limbs, affording them great 
potential for tool use9, many relatively small, birdlike dinosaurs, 
such as Troodon, possessed a grasping hand with an opposable 
digit63, whereas dolphins use tools even though they have no 
limbs to grasp the tools. Child caring, intra-species communica-
tion and even cultural transmissions are documented not only in 
primates, but also other vertebrates (such as meerkats and fish) 
and maybe even in insects (e.g., teaching behaviours have been 
suggested in ants)64. Social complexity as a potential driver for 
enhanced brain size and social intelligence (the ‘social complexity  
hypothesis’58) has been reported in diverse non-human ver-
tebrates (including lemurs, dolphins, parrots and spotted  
hyenas65–69, suggesting that social complexity can drive brain 
evolution in diverse species. With respect to the importance of 
language, as discussed above, many species possess means of  
communication which might have the potential to evolve, 
within a few million years, into a sufficiently complex vocabu-
lary and syntax to synergise with an emerging cognition. Thus, 
great apes, dolphins and some bird species have reached a high 
sophistication in terms of vocabulary, semantics, syntax and  
symbolic references, together with their cognitive capacities32,70,71

Finally, development of HI does not appear restricted to organ-
isms with sizes similar to humans. Although the brain-to-body 
size (encephalization) appears to correlate roughly with cog-
nitive capacity, brains do not have to be above a particular  
absolute size to produce high levels of intelligence72. For exam-
ple, despite having a smaller brain than chimpanzees and aus-
tralopithecines, Homo floresiensis, the Indonesian small-bodied 
‘Hobbit’ species, was capable of manufacturing tools as 
advanced as those produced by Homo species with a three times  

larger brain73. Moreover, the complex cognitive abilities of some 
bird species (including tool use, episodic-like memory, pre-
dicting the behavior of conspecifics based on own experiences  
and self-recognition) are produced by brains that are less than 
10 g in weight74. Thus, HI candidate species are not limited to  
those animals that have comparable sizes to humans.

In summary, while it is currently impossible to evaluate the  
evolutionary likelihood for combining the required features into 
a HI-capable animal, it is clear that many organisms besides 
humans readily combined several characteristics that could 
support HI (such as tool use, cultural transmissions, size of  
groups or body). During development towards HI, these  
characteristics can in principle be developed further, and  
completed, as it has been the case in our lineage. And although 
the combination of features found in early hominids before  
brain expansion (i.e. free limbs, capacity for grasping, social 
structure and tool use) are not common, they are not unique  
either, and it is therefore unlikely that HI was developed only 
once because no other species would have been a suitable  
candidate.

HI as an intrinsically unfavourable trait
According to the findings discussed above, the development 
of HI is not complex enough to fully explain that it has never 
been reproduced in any other species than Homo sapiens. If 
HI were within reach of convergent evolution, as my survey  
suggests, then an intriguing possible explanation for the fact 
that HI nonetheless evolved only once would be that HI is nor-
mally an overall unfavourable feature that is sooner or later 
sanctioned by selection. Yet, the physical constraints associated 
with HI appear to be manageable, and the human body is not  
special enough to suggest that no other organism could have 
evolved to cope with those constraints. If there is an unfavour-
able aspect of HI, then it must arise from somewhere other  
than these physical constraints.

Could it be that some of the same mental and behavioural char-
acteristics that are necessary for the development of HI might 
become increasingly unfavourable as a species evolves towards 
HI, creating a negative feedback loop? There is certainly a posi-
tive correlation between the proximity of species to HI and the 
emotional and structural complexity of their individuals and  
societies (where emotional complexity is defined as having  
emotional experiences that are broad in range and well  
differentiated). This correlation is apparent in species with 
very different brain structures and sizes (cetaceans, elephants,  
apes, Cebus monkeys and some birds29,30,32,71,75), suggesting that  
it is an intrinsic hallmark of HI.

Behavioural studies on capuchin monkeys may provide an anec-
dotal illustration of this concept. These New World monkeys 
independently evolved an intelligence with certain characteristics  
similar to that of great apes and humans32. Owing to their  
particular amalgam of a strong cognitive capacity and an  
emotional and almost pugnacious character, capuchins have 
developed tools and strategies that allow them to forage for 
food that is impossible for most other animals to attain. Their  
complex social system stimulates learning, the emergence of 
culture and the establishment of an efficient communal defence  
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against predators32. This type of intelligence, however, produces 
a society in which individuals spend an excessive amount of 
time engaged in complex nonproductive or even counterproduc-
tive social activities (such as allomothering, non-reproductive 
sex, apparently non-profit harassment of other animals or  
harmful “games” such as eyeball poking) and in violent or 
lethal aggression (the major cause of death for a capuchin  
monkey is an altercation with another capuchin monkey)32. If a  
further increase in the monkey’s para-HI intelligence requires 
increasing the same behavioural and character features that  
cause counterproductive comportments, then the resulting 
negative feedback may block development of HI. Conversely,  
if a candidate species deviates too much from these charac-
teristics, then HI may not result, despite a suitable cognitive  
power.

In humans, an illustration for the negative effects of  
HI-associated cognitive complexity is provided by the high 
incident of cognitive diseases. For example, schizophrenia 
has been suggested to be ‘the price that Homo sapiens pays for 
language’76. It has also been shown in animals and humans  
that the more polymorphic tri-nucleotide repeats are present 
in the gene Hdh (which codes for the protein huntingtin), the 
higher the capacity of this gene to promote the neural tube  
formation required for complex brains, but also the higher the 
probability to develop fatal neurodegenerative Huntington’s  
disease77. More generally, the genes regulating synaptogen-
esis and neuronal circuit formation have been associated with 
an increased risk of mental illnesses78,79. Based on autism 
spectrum disorders, it was suggested that brain networks  
involved in HI-required cognitive skills, such as language and 
complex social behaviour, have less compensatory mecha-
nisms, and are hence less robust, than more ancient biological 
functions79. As a final example, the rise of complex diseases 
(i.e. diseases caused by a combination of genetic, environmental  
and lifestyle factors) has been linked to the rapid genetic, 
geographic, dietary and cultural changes associated with 
HI80. The impact of neurological pathologies increases in  
high-cognition species, and cumulates in humans, where cur-
rently about one in four individuals is affected (source: World 
Health Organization, 2001). The incidence of mental disor-
ders continues to grow, and with it its individual, social and 
economic impacts (World Health Organization, 2019).  
Accordingly, mental health costs are now the highest  
single source of global economic burden in the world81. Thus, 
the increased instability and lability inherently associated with a  
trajectory towards HI might produce a negative feedback loop 
counteracting the evolution of HI.

Additionally, there might be a different type of negative feed-
back loop intrinsic to HI—HI might simply allow a species  
to become so successful in exploiting food resources that these 
resources become exhausted. A non-human example is pro-
vided by long-tailed macaques living on islands in Thailand. 
These monkeys developed stone tools that allow foraging on 
shellfish. Over time, however, this technology is so efficient 
that the macaques severely deplete the shellfish populations on 
the islands. This triggers a feedback loop where diminishing  

prey size results in reduced stone size82. The authors suggest 
that continuation of this pattern leads to a point where this tech-
nology is no longer beneficial or useful to the island macaques,  
ultimately leading to extinguishing of this technology.

Conclusion and outlook
A specie’s intelligence is a multidimensional characteristic 
adapted to maximise the specie’s survival. My analysis sug-
gests that the genetic adaptations required for development of 
HI might have been within reach of more species than only 
Homo sapiens. However, all other species that have radiated into  
high-intelligence niches have stagnated at sub-HI levels, often  
for many million years; only the Homo lineage has crossed 
this barrier in a very short time. The fact that no other species 
has reached HI appears unsatisfactorily explained by physical  
constraints of HI. A possible additional explanation may be 
that the main barrier towards HI is not only the development of 
the required physical assets, but also that negative feedback  
from social, behavioural and molecular complexity, as well 
as negative environmental feedback make the development  
of HI increasingly unfavourable.

How could Homo overcome this barrier? I speculate that 
key features may have been that our brain originated very  
rapidly as an exaptation, not adaptation83, together with an  
ensemble of favourable anatomical changes (e.g., skeletal pro-
portions, dental function and the respiratory system), in a  
species with extremely low population densities (typically about  
10 individuals per 100 km2 84). This origin may have initially 
allowed Homo to develop the brain structure required for 
HI, while circumventing or sufficiently attenuating immedi-
ate negative feedback associated with the use of HI in a socially  
complex populous environment where intra-species competition  
is the biggest threat.

However, as we are becoming overly abundant, and use our 
brain to its full potential to succeed within our complex socie-
ties, the negative side effects become increasingly challenging. 
Despite the development of psychological, moral, behavioural 
(‘self-domestication’), pharmacological and technological  
solutions, we are knowingly and consciously pursuing our unsus-
tainable development that is rapidly destroying the resources 
upon which we critically depend85,86. However, globally engag-
ing in the actions required to change our current trajectory and 
achieve long-term sustainability appears contrary to human  
nature.
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