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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



by the random accumulation of genetic differences (mutation-order
speciation) and natural selection (ecological speciation; Schluter,



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





Hill-Robertson effect due to selection and lack of recombination
(Charlesworth, 2009). The demographic influence of population



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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