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In this paper, Andrew Snyder-Beattie et al. attempt to 
answer the question of whether intelligent life is rare 
in the universe. This question has often engendered 

a sense of circularity in which the rarity of intelligent life 
is justified on the grounds that it took 4.5 billion years for 
the question to be asked. This question has also given rise 
to a sense of uneasiness. Two-thirds of the known earth-
like planets are older than the earth by an average of two 
billion years. If these planets harbor life, it has had two bil-
lion years longer to evolve.1 These facts were sufficient to 
persuade Stephen Hawking that we should keep our heads 
down.2 When it comes to clashes between civilizations, it 
is far better to find, than be found.3 If Snyder-Beattie et al. 
are correct in their conclusion that intelligent life is rare, 
we may not have to worry about being found by other civ-
ilizations.

In 2002, my colleague Tamara Davis and I argued that 
one could estimate the probability of abiogenesis on other 
planets based on how rapidly it occurred on earth.4 The 
more rapidly on earth, the more probable elsewhere. Sny-
der-Beattie et al. use the same reasoning to connect the 
rapidity of a series of evolutionary transitions on earth 
to the probability of analogous transitions elsewhere. To 
better understand this approach, consider the follow-
ing example. Suppose that you are a corvid ornithologist 
and that you have designed a range of puzzles for crows 
to solve.5 Some of the puzzles are easy; some are hard; 
and some are near impossible—but the difficulty of each 
puzzle is unknown. An experiment is then designed to 
determine the difficulty of all the puzzles. The amount of 
time taken to solve each puzzle and the number of puz-
zles solved is tracked carefully. If this process is repeated 
multiple times and the crow solves many puzzles quickly, 
it follows that the puzzles are easy. The puzzles solved 
quickest are the easiest, and, therefore, crows that can 
solve them should be commonplace. The puzzles that 
take the most time to solve are the hardest, and crows that 
can solve them rarer.

The crow experiment is analogous to our status on 
earth. We have been solving evolutionary puzzles for four 
billion years. Current modeling suggests that the habitable 
lifetime of the earth will come to an end in about one bil-
lion years, mostly due to the increasing luminosity of the 
sun and the resultant loss of water.6 The total habitable 
lifetime of the earth is therefore approximately five billion 
years. Our current situation is akin to that of the crow 40 
minutes into a 50-minute experiment. We have 10 minutes 
left. The major transitions in the evolution of our lineage 
are the puzzles we have already solved.7

In this comparison, the emergence of life on earth would 
have taken place near the beginning of the 50-minute exper-
iment. We solved that puzzle quickly. From this result we 
can infer that the emergence of life should be common in 
the universe. At the 40-minute mark in the experiment, we 
find that our human-like intelligence evolved only about 
a second ago. The fact that it took so long suggests that 
human-like intelligence is difficult to evolve and uncom-
mon.8 This is the basic reasoning behind Snyder-Beattie et 
al.’s conclusion that intelligent life in the universe is rare.

Previous analyses have also looked at the emer-
gence of life in conjunction with the emergence 
of human-like intelligence.9 Motivated by the 

assumption that four data points are better than two, Sny-
der-Beattie et al. have extended this earlier work with a 
Bayesian analysis of not only the timing of abiogenesis and 
the evolution of intelligence, but also the timing of two 
other major transitions: eukaryogenesis and the evolution 
of sexual reproduction. They conclude that intelligent 
life is rare in the universe because it took humans such 
a long time to evolve all four of the assumed prerequi-
sites: abiogenesis, eukaryogenesis, sexual reproduction, 
and intelligence itself. Their Bayesian exploration of this 
result includes varying the timing of abiogenesis over a 
relatively wide range—between 4.3 and 3.5 billion years 
ago—and computing the effect of discovering that life 
emerged twice on earth.10 They found that their conclu-
sion no longer holds if life emerged twice; or if abiogenesis 
occurred earlier, say, within ~10 million years of habit-
ability; or if the habitable lifetime of the earth is 10 times 
longer than expected.11
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Recent exoplanet studies strongly suggest that every 
star has some kind of planetary system and that earth-like 
planets are likely common in such systems.12 The earth 
may well be representative of a very large group of wet, 
rocky planets. But what about atmospheric composition, 
ocean volume, plate tectonics, spin period, orbital period, 
obliquity, the presence of a large moon, and the timing of 
large impacts? If the emergence and evolution of life are 
dependent on some of these additional details, the number 
of earth-like planets could be quite small.13

Once life has emerged from prebiotic chemistry, the 
strongest selection pressures on the evolution of a species 
come from other life forms: conspecifics, parasites, pred-
ators, diseases, viruses, and ecosystem variability. This 
self-referential nature of biology makes evolution a his-
torical science characterized by the quirks of contingency. 
This characterization of evolution remains controversial.14 
Our ability to extrapolate crow–puzzle experiments to 
crows on other planets depends on the existence of extra-
terrestrial crows. Similarly, the Snyder-Beattie et al. result 
depends on the assumption that “intelligent life elsewhere 
requires analogous evolutionary transitions.” The valid-
ity of the Snyder-Beattie et al. result, among others,15 is 
dependent on the assumption that the major transitions 
that characterize our evolution happen elsewhere.16

There is little evidence in the history of life on earth to 
support this assumption. Although abiogenesis is a tran-
sition shared by the lineages of all known life on earth, 
diverging lineages over the next four billion years are 
punctuated by their own evolutionary transitions. After 
diverging from other life forms, transitions within our 
own eukaryotic lineage include eukaryogenesis, sexual 
reproduction, and intelligence. A general feature of these 
transitions in the tree of life is that the closer a transition 
is to the end of a branch, the more recent, specific, and 
uncommon it is.17 In our lineage, eukaryogenesis occurred 
about two billion years ago and the transition to sexual 
reproduction about a billion years ago. The transition to 
intelligence is much more recent and its timing depends 
on how intelligence is defined. The transition to human-
like intelligence or technological intelligence occurred 
only about 100,000 years ago and is species-specific. The 
latter trait is strong evidence we should not expect to find 
it elsewhere.18

Naturally, we consider the transitions that happened 
along our lineage to be the most important in the tree of 
life. But this is not a reasonable basis for assuming that our 
transitions are common elsewhere. Our sense of self-impor-
tance provides no objective reason to model evolution as a 
progression toward Homo sapiens.19 Such modeling is what 
Snyder-Beattie et al. and many other scientists have done.

Is it reasonable to argue that among the features 
of life on earth, the most likely to appear in life else-
where are those that have evolved independently 

many times, such as complex multicellularity, eyes, wings, 

and canines?20 Not really. These examples of convergent 
evolution have only occurred within a unique eukaryotic 
branch that represents a tiny fraction of the diversity of 
life on earth. The absence of these features elsewhere in 
the tree of life suggests that eukaryote evolution brought 
with it fundamental and deeply homologous adaptations 
necessary for the emergence of these features. If eukaryo-
genesis were a convergent feature of evolution, we would 
expect it to have evolved on multiple occasions among the 
hundreds of independent major lineages. It did not. As a 
result, we have no evidence that eukaryogenesis is likely to 
appear outside our own tree of life. The same can be said 
for the two other major transitions that occurred during 
the evolution of our lineage. These transitions did not 
occur in any of the hundreds of non-eukaryotic lineages. 
Eukaryogenesis, sexual reproduction,21 and human-like 
intelligence evolved only in our own lineage.22
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