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Molecular evolution and the latitudinal biodiversity gradient

EJ Dowle, M Morgan-Richards and SA Trewick

Species density is higher in the tropics (low latitude) than in temperate regions (high latitude) resulting in a latitudinal
biodiversity gradient (LBG). The LBG must be generated by differential rates of speciation and/or extinction and/or immigration
among regions, but the role of each of these processes is still unclear. Recent studies examining differences in rates of
molecular evolution have inferred a direct link between rate of molecular evolution and rate of speciation, and postulated these
as important drivers of the LBG. Here we review the molecular genetic evidence and examine the factors that might be
responsible for differences in rates of molecular evolution. Critical to this is the directionality of the relationship between
speciation rates and rates of molecular evolution.
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INTRODUCTION

‘Animal life is, on the whole, far more abundant and more varied
within the tropics than in any other part of the globe, and a great
number of peculiar groups are found there which never extend into
temperate regions’

—AR Wallace, 1876

One of the most striking biogeographic patterns on the planet is the
uneven latitudinal distribution of biodiversity (Figure 1). A similar
trend of high and low diversity is documented in all major groups of
organisms, on the land and in the sea (Hillebrand, 2004).

The evolutionary and ecological factors responsible for the pattern
usually referred to as the latitudinal biodiversity gradient (LBG) have
been hotly debated over the past 30 years (Rohde, 1992; Gaston, 2000;
Hawkins, 2004; Losos, 2008; Erwin, 2009; Gillman et al., 2009).
Interest in the drivers behind the LBG has expanded from biogeo-
graphers (starting with Wallace) to include ecologists, evolutionary
biologists (in particular evolutionary geneticists), physiologists and
palaeontologists (Rosenzweig, 1995; Allen et al., 2002; Davies et al.,
2004; Jablonski et al., 2006), however, no consensus has been reached.
There is general agreement that variation in the total number of
species among regions must result from variation in one or more of
three basic phenomena underpinning the diversity of life on the earth:
speciation rates, extinction rates and immigration rates. Regional
biotas are the product of the interaction of these three processes, but
understanding what factors drive these to form the LBG is proble-
matic (Jablonski et al., 2006). How far have we progressed in
developing an explanation since Alfred Wallace’s observation more
than 130 years ago? Here we focus on recent molecular genetic studies
to see whether this field, which has contributed so much to
evolutionary research, has helped our understanding of the LBG.

Speciation
Differences in speciation rates have been the major focus of
geneticists, ecologists and palaeontologists seeking to explain the

LBG. The tropics are referred to as a cradle of diversity with high
speciation rates inferred from observed high species’ diversity
(Stebbins, 1974; Chown and Gaston, 2000). Palaeontological data
allow comparison of direct counts of species’ origins (speciation) in
past tropical and temperate areas and have provided the most
compelling evidence for differing speciation rates (Jablonski et al.,
2006). Molecular data are increasingly applied to the study of
speciation rates, but these analyses are not always directed specifically
at the LBG (Lancaster, 2010; Lanfear et al., 2010a). Although there is
compelling evidence of relatively high rates of speciation in the
tropics, the underlying driver(s) of this have not been identified
(Martin and Mckay, 2004; Allen and Gillooly, 2006; Jablonski
et al., 2006; Mittelbach et al., 2007; Krug et al., 2009; Condamine
et al., 2012).

Extinction
A higher rate of extinction at higher latitudes (away from the equator)
was the explanation offered by Wallace for the formation of the LBG
(Wallace, 1876). Hypotheses focusing on extinction rates have often
centred on the putative effects of climatic extremes in the past (for
example, during the Pleistocene), which may have been felt most
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(Hawkins et al., 2006; Jablonski et al., 2006; Martin et al., 2007;
Valentine et al., 2008).

Immigration
Although immigration is central to some biogeographic models
(Macarthur and Wilson, 1967), it has been considered, by some, to
be too weak a force to be important in as large scale a trend as the
LBG (Gaston, 2000). To be relevant in this context, immigration



by the random accumulation of genetic differences (mutation-order
speciation) and natural selection (ecological speciation; Schluter,
2009; Lancaster, 2010). Allopatric speciation via genetic drift (muta-
tion-order speciation) might result in the formation of new species



Metabolic rate variation driving differential rates of molecular
evolution
Work on metabolism and its influence on the LBG started as part of
the ‘metabolic theory of ecology’ (Allen et al., 2002; Gillooly and
Allen, 2007). It has been suggested that the LBG arose in response to a
latitudinal gradient in kinetic energy influencing rates of molecular
evolution in ectotherms (Allen and Gillooly, 2006; Gillooly and Allen,
2007). Under this model, ectotherms in warmer areas have an
increased metabolic rate governing consumption of oxygen and
production of oxygen-free radicals that potentially increase mutation
rate by damaging DNA (Allen et al., 2006; Gillooly et al., 2007).
Comparing species with different metabolic rates is a proxy for
comparison of different rates of oxygen-free radical formation (and
inferred mutation), which until recently could not easily be measured

directly. New sequencing technology now allows for comparison of
whole genomes of parents and their offspring, which can be used to
estimate de novo mutation rates of species (see below). In comparison
to other putative divers, the concept of metabolic rates and the LBG
yields clearly testable predictions, but has been heavily contested since
its origin (Algar et aloly





Hill-Robertson effect due to selection and lack of recombination
(Charlesworth, 2009). The demographic influence of population
size on the gradient of molecular evolution remains unresolved, due
to the continued debate and conflicting empirical evidence on the
influence of population size on molecular evolution rates and



very different methods. However, a consensus is developing that there
is a correlation between rates of molecular evolution and species
diversity; the challenge now is to identify their causal relationship.

Palaeontology has the potential to track diversity trends through
time and is therefore well suited to estimate extinction, speciation and
immigration rates. A recent test of the influence of seasonality on the
biodiversity gradient shows the potential for palaeontology to narrow
the field of possible drivers of the LBG (Archibald et al., 2010). Given
that sampling of DNA sequence data is limited to extant species and
there are known problems with estimating extinction rates from
molecular data (Rabosky, 2010), it might be argued that molecular
data have a limited role in examining extinction rates, a processes



a species tree, instead of relying on inferences about past speciation
from tree tips.

3. For understanding the LBG, determining population size variation
between latitudes is important. Thus, a focus on multi-locus data
for taxa with sedentary lifestyles would facilitate population
density comparisons. If a consistent difference in population size
among latitudes exists then the interaction between population
size and rates of molecular evolution becomes extremely important
to the LBG debate. Multi-locus data sets exist for model organisms
(for example, humans and Drosophila; Bakewell et al., 2007; Kosiol
et al., 2008; Petit and Barbadilla, 2009), but it is now possible for
substantial tests across the nuclear and mitochondrial genomes
functional and non-functional DNA in non-model groups with
NGS. However, population size may not be constant through time
and methods for inferring past population size that are indepen-
dent of rates of molecular evolution will be required.

4. If speciation occurs predominantly in small isolated populations
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