respond to crises, and what needs to be done to slow the
rate at which crises arise. It is worthwhile reading for
anyone interested in conserving biological diversity.
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What is special about RNA viruses?
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About half of the 2000 known species of
virus use RNA as their genomic material
(the other half are the DNA viruses). All
RNA viruses have small genomes, typi-
cally only 10,000 bases, and a high per
base mutation rate. These two features
are doubtless connected: a large genome
is incompatible with a high mutation
rate given that most mutations are
harmful. The high mutation rate might
explain why all of the major viral killers of humans are
RNA viruses. The only DNA virus of comparable status
was smallpox and it is perhaps not a coincidence that this is
also the only virus that we have managed to eliminate. In
The Evolution and Emergence of RNA Viruses, high
mutation rates and small genome sizes are the linked
motifs that run through the book.

The first part of the book considers the main evolution-
ary features of RNA viruses, such as their origin and
genome architecture, last attempted in Esteban Domingo
and colleagues’ (1999) Origin and Evolution of Viruses [1].
Holmes’ main point is to emphasise that, whereas a high
mutation rate could benefit the virus by allowing fast
adaptation, it limits the possibilities of adaptation
because of the restriction on genome length; there is only
so much you can do with a handful of genes. Indeed,
Holmes’ argument prompted the metaphorical description
of RNA viruses as restless beasts rapidly pacing a small
cage [2].

A particularly interesting section entitled ‘The great
quasispecies debate’ marks a departure from Origin and
Evolution of Viruses. The high mutation rate of RNA
viruses led to the application of a novel mathematical
approach to their evolution, namely quasispecies models,
which influenced much of the earlier book. In quasispecies
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models the virus population is considered to be a cloud of
genotypes linked by mutation. Quasispecies models have
been productive. For example, the (albeit questionable)
inference that RNA viruses exist on the edge of mutational
meltdown has stimulated interest into hypermutation as
an antiviral strategy [3]. However, the most famous fea-
ture derived from quasispecies models, namely the error
threshold, has repeatedly been shown to only exist given
implausible fitness landscapes [2]. I am tempted to see The
Evolution and Emergence of RNA Viruses as an attempt to
reclaim RNA virus evolution by more traditional evolution-
ary and population genetic theory, although one handled in
a very evenhanded manner.

The second part of The Evolution and Emergence of RNA
Viruses will interest most readers; this showcases the
potential of phylogenetics for studying RNA viruses (some-
times called phylodynamics [4]). By contrast to the DNA
world, where phylogenies tend to play a secondary role by
showing how taxa are related to each other historically, the
high mutation rate of RNA viruses means that their evol-
ution and population dynamics occur over the same time
period. We can thus measure selection both within indi-
vidual hosts and within disease outbreaks, such as when
building an evolutionary model for the global pattern of
influenza A infections [5].

Returning to the divide between RNA and DNA viruses,
Holmes proposes an important life-history continuum with
RNA viruses at one end and the large-genomed, slow-
mutating, double-stranded DNA viruses at the other.
For example, the latter can use their large gene repertoire
to manipulate host defences and establish persistent infec-
tions. I worry slightly about Holmes’s treatment of single-
stranded (ss) DNA viruses as honorary RNA viruses
(because ssDNA viruses have small genomes and the
few data available suggest that their mutation and sub-
stitution rates are relatively high). My concern is that we
have estimates of the mutation rate for precisely six DNA
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virus species, and therefore it might be premature to
develop a general schema.

The ‘emergence’ of the book’s title refers to viruses
crossing, or threatening to cross, from other species into
humans or domesticated organisms (e.g. SARS, HIV and
influenza A); RNA viruses feature disproportionately in
lists of recent emergent pathogens [6]. Holmes suggests
why, and usefully stresses the need to also consider
ecological factors, which attract less attention in the
genomic era. A sample of the other important points
raised in the book are: (i) that the rate of antigenic
evolution can differ widely between viruses with similar
underlying rates of evolution; (ii) how we need clarity in
defining viral fitness; and (iii) why phylogenetic patterns
among RNA viruses only make sense if we remember that
they probably have a high rate of lineage birth and death.
The aim of The Oxford Series in Ecology and Evolution is
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to stimulate ideas in new research fields, and the The
Evolution and Emergence of RNA Viruses is an excellent
addition to this series.
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& The past decade has seen impressive
advances in our knowledge of human evol-
ution. This includes something as rare as
a new hominid species, Homo floresiensis
(also known as the “Hobbit”) [1]. This
extinct human lived on islands in South-
east Asia and survived to as recently as 12
thousand years ago, long after our closest
relatives, the Neanderthals (H. nean-
derthalensis), went extinct. An updated
volume on human evolution is therefore timely and this
is what you get with Clive Finlayson’s book, The Humans
Who Went Extinct.

The book differs from most others of its kind by taking an
evolutionary-ecological approach to the topic. Most ecolo-
gists, I think, will find it a relief that Finlayson carefully
avoids the heated debate on the taxonomy of fossils of earlier
incipient versions of Homo and the lineage that led directly
to us, using instead simple terms such as proto-Ancestors
and Ancestors to describe these groups. I also find it refresh-
ing that the book challenges some classical notions, for
example the idea that H. erectus evolved in Africa and
was the first hominid to spread to other continents. Based
on fossil evidence, we cannot say if this extinct human
evolved in Africa or Asia, and according to Finlayson it is
even likely that the recently discovered H. floresiensis in
Asia represents remnants of much earlier expansions.

Importantly, the book delivers a number of interesting
and rather novel take-home messages. A keynote is that any
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significant demographic and geographical surge in our
history had to do with two things: i) the breakdown of
ecological barriers due to climate and environmental
changes, and ii) changes in biology (and, later on, cultural
changes). An example of the former is the rapid expansion of
H. erectus across Africa and southern Eurasia some 1.5
million years ago, which was due to climate driving the
expansion of a huge savannah belt. However, H. erectus
could not have exploited this ecological opportunity had it
not been for the biological changes of a distant past, such as
their ability to walk on two legs. Bipedal walking was not
initiated as our ancestors ventured away from the forest and
on to the open savannah plains, as has often been suggested,
but likely started whilst our ancestors were still living in
trees. Another of Finlayson’s main pointsis that populations
living in the marginal, rather than the core environment of a
given species, are the drivers of adaptive change. They are
forced to perceive their environment in new ways, humans
being no exception. Again Finlayson argues his point well.
It is also important to note that for the majority of our
evolutionary history, we were not the only human species
around and instead multiple species of Homo lived in the
landscape at the same time. This is not new knowledge, but
for a reader not familiar with human evolution, this is a key
factor elucidating our evolutionary history, and is an import-
ant component to any book on the topic.

Finlayson’s book also covers the more classical contro-
versies in human evolution. Did anatomically modern
humans have sex with Neanderthals? Why did Nean-
derthals go extinct while we survived? Finlayson’s answer
to the first question is that there were in principle two
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