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Cooperative behaviour involves a trade-
off between risks and rewards, and can
provide benefits that are available only
because of group action. Individual
spotted hyenas (Crocuta crocuta) can
join a group to take part in a mobbing
behaviour (pictured) that drives away
lions (Panthera leo) and might thereby
provide access to carcasses of animals
that have been killed by lions or hyenas.
Mobbing can deter lions as part of
the battle between lions and hyenas
for resources, but participating can
be fatal for hyenas. The identification
of factors that predict whether
mobbing will occur sheds light on why

Genes often uninformative
for dating species’ origins

Matt Pennell

The time frame of a species’ origins provides context for
evolutionary questions. However, dates from fossils are often
inconsistent with estimates from genetic data. Emerging
evidence points to anew explanation for this discrepancy.

The history of Earth is characterized by
massive extinction events and the expansion
of newly emerging groups of organisms. The
timing of these extinctions is increasingly

well understood, but it has been difficult to
pin down dates for the origin of many impor-
tant groups, including animals, mammals,
flowering plants and beetles. A large amount

individuals cooperate in a complex
society, as Montgomery et al. report in
Proceedings of the Royal Society B (T. M.
Montgomery et al. Proc. R. Soc. B 290,
20231390; 2023).

The authors monitored wild spotted
hyenas in a wildlife reserve in Kenya
between 1988 and 2016. They found that
the quest for food was not necessarily a
key driver of mobbing. Lionesses were
more likely to be mobbed than were
male lions, and a high ratio of hyenas to
lions was predictive of mobbing. Social
ties between hyenas also boosted the
chances of this behaviour occurring.
Mary Abraham

of this uncertainty comes from the conflict
between ages estimated solely from the fossil
record and those derived from a combination
of fossil data and the analysis of genetic differ-
ences between living species, known as the
molecular clock. For example, analyses using
molecular-clock methods date the origin of
bilaterians — a group that includes whales,
worms and humans — to between 688 million
and 596 million years ago’ but, when examin-
ing only the fossil record, the date is around
555 million years ago®. Writing in Systematic
Biology, Budd and Mann®provide insightsinto
why this time gap has remained so persistent.

The authors’ analyses reveal that, para-
doxically, the seemingly information-rich
approachesthatleverage several types of data
for dating might not actually be using much
information atall. Currently, molecular dating
is done using amethod called node dating, in
which dates are estimated using whatis known

Nature | Vol 624 | 7 December 2023 | 51



News & views

Range of posterior
estimates for

Bilateria

Metazoa

metazoa Range of posterior
estimates for
bilateria
Oldest-known  Oldest-known
metazoan fossil  bilaterian fossil
I I I I I I I = v‘
550 850 800 750 700 650 600 550

Time (millions of years ago)

Figure1|Discrepancies between genetic and fossil data underpinning evolutionary trees. It can be
difficult to assemble the branch points of a tree corresponding to the ancient origins of key groups, such
as multicellular animals, termed metazoans, and the origins of a type of metazoa called bilateria (which
includes humans). Assembly of such trees typically involves statistical analysis of genetic data to generate
what are termed posterior estimates of probable origin dates. However, these dates are often substantially
earlier than the oldest known fossils of the groups of interest. Budd and Mann? provide an explanation for
why these discrepancies occur. Data shown are from refs1and 3.

as a Bayesian approach®. All parameters in
such Bayesian analyses need to have a prior
probability (areasonable distribution for the
date of an event before looking at the data)
assigned to them, for example, to estimate
the ages of the branch points (nodes) of an
evolutionary tree (Fig.1). The posterior prob-
abilities, whichrefer to the distribution of the
estimated parameters, should reflect updates
tothis prior probability based oninformation
obtained whenthe dataare examinedin depth.
For some nodes in the tree, a plausible
range of dates from a fossil ancestor can be
used to calibrate the prior probabilities, or
priors. However, for most of the nodes, such
prior probabilities can be generated only by
drawing from a model in which species are
formed and go extinct at a clock-like rate; the
rates of speciation and extinction have their
own priors. Thereisalsoa prior for estimating
how quickly genetic differences accumulate —
therate of molecular evolution —andin many
current approaches, referred to as relaxed-
clock methods, this rate can vary between
different parts of the evolutionary tree.
Previous work has shown that, although a
researcher can choose a prior distribution for
any of the model’s parameters, thereis noway
of knowing in advance whether these priors
are in conflict with one another®®. A Bayesian
algorithm can sample only internally consist-
ent parameter sets — for example, the time
point at which marsupials branched off from
all other mammals must logically come after
the emergence of the most-recent common
ancestor of all mammals. The ‘effective’ (log-
ically consistent) prior for the age of any node
might be different from what is specified.
Budd and Mann found this method to be
misleading for the two groups that they stud-
ied, animals and mammals. The effective prior
for the age of bilaterians, for example, indi-
cated that the chance of the date being within
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20 million years of that of the oldest-known
fossilis less than 5%; almost all of the estimated
probable ages were considerably older than
this oldest fossil. Strikingly, the effective prior
indicated that the chance that the most-recent
common ancestor of living placental animals
emerged after the dinosaurs went extinct
is less than one in one million, even though
there are no undisputed fossils of this mam-
malian group that pre-date the extinction of
dinosaurs.

Inother words, Budd and Mann suggest that
researchers think they are using the fossil data

“Thefossil record
cannot plausibly be as
uncertain as suggested
by the molecular-clock
analyses.”

to generate baseline expectations and that
they then update these expectations using
molecular-clock data. However, scientists
are actually setting up expectations that are
wildly inconsistent with what is known from
thefossilrecord and, after doing the analyses,
they ‘discover’ that the molecular data happen
to support these expectations.

Thisis particularly problematic for ancient
nodes, because most genetic information cor-
responds to the present and such databecome
less useful as aresource at points further back
in time — as such, the posterior probability
tends to simply match the effective prior®. This
isironic, because the current Bayesianmolecu-
lartheory was developedin part asaresponse
to previous molecular-dating methods that
were criticized for failing to properly convey
uncertainty in the estimate provided”. If Budd
and Mann’s results are as general as they sug-
gest, then the uncertainty around estimates of

ancient dates from the Bayesian approaches
is artificial and does not represent their full
uncertainty — it might even be barely informed
by the actual data.

A study of the age of flowering plants®
yielded the same general conclusions asthose
of Budd and Mann. This prompted another
group®to suggest that researchers might have
tocometotermswiththeideathatthetiming
of some of the biggest momentsin the history
of life might be fundamentally unknowable.
Budd and Mann disagree. The fossil record
provides strong and consistent evidence of
when many of these events occurred.

Although there is some uncertainty in
dates estimated using fossil evidence, simple
models of speciation and extinction suggest
that the fossil record cannot plausibly be as
uncertain as suggested by the molecular-clock
analyses. Budd and Mann propose instead
thatresearchers using molecular clocks must
accept the idea that, for extremely old splits
in the evolutionary tree, their methods and
their data are simply not asinformative as they
thought they were.

Thereis hope, however, because emerging
dating models that more naturally integrate
fossil observations with molecular data’®
might mitigate these problems. But given that
molecular-dating methods keep stumbling
onto new versions of the same puzzles,
researchers should approach this challenge
with humility.
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