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Our fragile intellect. Part II
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Figure 1. Expansion of endocranial volume during the past 2.5 million years

among Homo sapiens ancestors. Modified from R.G. Klein [2]. Note that language

follows the increase in endocranial volume and therefore the use of language
Analysis of human mutation rates and the number of
genes required for human intellectual and emotional
fitness indicates that we are almost certainly losing
these abilities. If so, how did we get them in the first
place, and when did things begin to change?

In the previous piece I argued that we are slowly losing
emotional and intellectual traits [1]; but how did we get
them in the first place? This is one of the most important
questions of modern anthropology and the subject of much
investigation and debate. Although not my area of exper-
tise, I offer the following thoughts on the topic. Expansion
of the human frontal cortex and endocranial volume
(Figure 1), to which we likely owe our capacity for abstract
thought, predominately occurred between 50 000 and
500 000 years ago [2,3] in our prehistoric African ancestors,
well before written language and before we had the modern
voice-box to produce sophisticated verbal language [2,4],
but after the first tools. Thus, the selective pressures that
gave us our mental characteristics operated among non-
verbal hunter–gatherers living in dispersed bands or vil-
lages, nothing like our present-day high-density, support-
ive societies. Furthermore, it seems that our intellectual
capacity has not evolved at different rates since our African
ancestors began their migrations, based on the fact that
geographically disparate societies have near-identical in-
tellectual capacities. For example, written language was
independently invented by the group with the longest
migration path, the Indians of Middle and South America,
and by the people with the one of the shortest migration
paths, the Sumerians. In addition, whether a migration
group lived a high-density urban life or as dispersed hunt-
er–gatherers did not greatly influence their intellectual
development. Thus, to understand how 2000–5000 genes
[1] were optimized for abstract thought, we almost certain-
ly have to look to this period 50 000–500 000 years ago and
to ancestors common to all humans today. Somehow the
selective pressures on these ancestors led to the evolution
of a brain capable of writing symphonies and performing
higher mathematics, indicating that life as a hunter–gath-
erer was more intellectually demanding than we might
think.

To understand the extremes of selection that must have
occurred as our ancestors went from using speed, strength,
and agility, to employing intellect to survive (a process that
occurred over about 1 million years), consider the difficulty
of optimizing 2000–5000 genes. Because retrotransposon
insertion and aneuploidy of neurons reduce the heritability
of neuronal traits [1], the selective pressure required is
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increased. Present studies indicate that the heritability of
intelligence, judged largely by IQ scores, is between 0.5 and
0.7, and have called attention to important variables af-
fecting these estimates [5–7]. This level of heritability
indicates that greater natural selection is necessary to
maintain this trait compared to eye color, for example,
where the heritability is much higher. In addition, one
would need to sum the selective pressure for each of the
genes operating independently to produce the trait. Thus,
extraordinary natural selection was necessary to optimize
and maintain such a large set of intelligence genes. This
optimization probably occurred in a world where every
individual was exposed to nature’s raw selective mecha-
nisms on a daily basis. In the transition to surviving by
thinking, most people (our non-ancestors) probably died
simply due to errors of judgment or a lack of an intuitive,
non-verbal comprehension of things such as the aerody-
namics and gyroscopic stabilization of a spear while hunt-
ing a large, dangerous animal.
cannot cause the expansion. Also, note that the appearance of first tools such as

spears correlates well with increased cranial volume.
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Box 1. The Flynn effect

The famous Flynn effect, in which absolute IQ scores increased

during the first 50 years after the institution of these tests, seems at

first glance to contradict the hypothesis that we are losing our

intellectual abilities. However, these changes in IQ scores are

probably linked to environmental influences including reduction in

lead and other heavy metals used in gasoline and paint and the

virtual elimination of hypothyroidism in children due to the wide-

spread use of iodinated salt. These and many other advances in

prenatal care and prevention of anoxia during childbirth have clear

effects on our average intellectual abilities. In addition, scores on

these tests have been shown to correlate well with preschooling and

other societal influences instituted during the period over which test

scores were compared. Consistent with these hypotheses, the gains

recorded are predominantly in the raising of lower scores. However,

since about 1985 or 1990 these absolute IQ scores have been

dropping in some studies, despite considerable ‘teaching to the test’

as well as the general awareness among children that it is important

to score well on the test. Most likely these short-term effects are not

genetic because the genetic effects at issue are only likely to operate

over hundreds of years, not decades. In addition, Flynn points out

that we are not getting more intelligent, but instead we are getting

‘smarter’ at taking the tests because our everyday experiences are

becoming more like the tests. This is similar to the way that

practicing tennis makes one a better badminton player.
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How did we get from accurately throwing a spear to the
theory of relativity? The field of artificial intelligence (AI)
may shed light on this question. AI promised household
robots that would wash dishes, mow the lawn, and bring us
freshly cooked croissants and coffee in the morning. Need-
less to say we do not have these robots now and none of the
readers of this piece will probably ever see them, despite the
immense financial impetus to build them. This is because
common tasks are actually conceptually complex. However,
AI is very good at things we superficially consider intellec-
tual, such as playing chess, winning Jeopardy, flying a jet
plane, or driving a car. To understand this paradox, consider
the game Foldit, in which players predict protein structures
[8]. Humans beat supercomputers at this game in much the
same way that we can wash the dishes and put them away
better than a robot. We win because Foldit uses spatial
reasoning skills that were perfected and selected for in our
hunter–gatherer ancestors. Many kinds of modern refined
intellectual activity (by which our children are judged) may
not necessarily require more innovation, synthesis, or crea-
tivity than more ancient forms: inventing the bow-and-
arrow, which seems to have occurred only once about
40 000 years ago, was probably as complex an intellectual
task as inventing language. Selection could easily have
operated on common (but computationally complex) tasks
such as building a shelter, and then computationally simple
tasks, such as playing chess, became possible as a collateral
effect. Loss of any one of 2000–5000 genes prevents us from
effectively doing everyday tasks, and selection for the ability
to perform them would optimize the function of the entire
group of genes.

When might we have begun to lose these abilities? Most
likely we started our slide with high-density living, which
was enabled by the transformative invention of agricul-
ture. Selection may have begun operating on resistance to
the diseases that naturally grow out of high-density living,
switching the pressure from intelligence to immunity. It is
also likely that the need for intelligence was reduced as we
began to live in supportive societies that made up for lapses
of judgment or failures of comprehension. Community life
would, I believe, tend to reduce the selective pressure
placed on every individual, every day of their life. Indeed
that is why I prefer to live in such a society.

Several considerations could mitigate the validity of the
argument that intellectual and emotional fitness are slow-
ly decaying. For example, genes required for intellectual
and emotional function could be needed for early develop-
ment or even fertility, and would thus be maintained
through selection. Indeed, some genes associated with X-
linked intellectual deficiency (XLID) are also involved in
the development or function of other tissues or organs.
However, these other syndromic features are not lethal,
and many do not impair reproduction. Although the mul-
tiple usage of genes could slow the rate of accumulation of
mutations in intellectual fitness genes, if the estimates for
the number of genes required and mutation rate are cor-
rect, and selection is only slightly relaxed, one would still
conclude that nearly all of us are compromised compared to
our ancient ancestors of 3000–6000 years ago.

Another common counter-argument is that we are un-
der constant selection for our intellectual traits (Box 1).
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Intellectual capacity and emotional stability have mating
advantages that would reduce the rate at which mutations
affecting these traits become fixed in our genome. This is
true, but I fear does not take into account the extreme
selection required to maintain traits dependent upon thou-
sands of genes with reduced heritability. A hunter–gath-
erer who did not correctly conceive a solution to providing
food or shelter probably died, along with his/her progeny,
whereas a modern Wall Street executive that made a
similar conceptual mistake would receive a substantial
bonus and be a more attractive mate. Clearly, extreme
selection is a thing of the past.

The hypothesis that genes critical to intellectual func-
tion are decaying could be tested by a form of genetic
triangulation (Figure 2). Sequencing many individuals
whose last common ancestors ranged from present day
to 5000 years ago should produce an estimate of the
rapidity of change and the level of selection operating on
these genomes at various time-intervals during this 5000
year period (an interval that would span the emergence of
cities for several population groups). These genomes would
have sequence variations in intellectual deficiency (ID)
genes but, because each generation produces only about
40 new signature mutations, these would not be enough to
guide the temporal ordering. However, using the 400
million retroviral insertion sites as signatures of a specific
ancient generation to estimate the age of nearby new
mutations, sufficient fineness might be produced to permit
dating of mutations in ID genes. Because mutations that
control the evolution of specific characteristics have often
been found in regulatory rather than coding regions, full
genome sequences would need to be assayed. I would be
very happy to learn from this test that there is no sub-
stance to my argument.

However, if such a study found accelerating rates of
accumulation of deleterious alleles over the past several
thousand years then we would have to think about these
issues more seriously. But we would not have to think too
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Figure 2. Genetic triangulation to measure rate of change of ID genes over the past 5000 years based on genome sequences of present-day individuals with last common

ancestors separated by specific times, Dt (500 years in this case for illustration). The bar at the top indicates the transition from hunter–gatherer to a more high-density

lifestyle when selection based on resistance to infection might have begun to dominate over selection for intellectually or emotional fitness.
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fast. One does not need to imagine a day when we could
no longer comprehend the problem, or counteract the
slow decay in the genes underlying our intellectual
fitness, or have visions of the world population docilely
watching reruns on televisions they can no longer build.
It is exceedingly unlikely that a few hundred years will
make any difference for the rate of change that might be
occurring. Remarkably, it seems that although our gen-
omes are fragile, our society is robust almost entirely by
virtue of education, which allows strengths to be rapidly
distributed to all members. The sciences have come so
far in the past 100 years that we can safely predict that
the accelerating rate of knowledge accumulation within
our intellectually robust society will lead to the solution
of this potentially very difficult problem by socially and
morally acceptable means. But in the meantime I’m
going to have another beer and watch my favorite rerun
of ‘Miami CSI’ (if I can figure out how to work the remote
control).
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