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Reply to Meiri and Raia: Small
offspring size and fast life history all
the way?

In an alternative approach to interpreting the developmental
traits we described for the fossil insular bovid Myotragus (1),
Meiri and Raia (2) aim to explain the slow and cyclical
growth, the small offspring and adult size, and the many old
individuals as a result of a shift toward a fast life-history and an
accelerated reproduction to enhance fitness, which they feel is
consistent with a scenario of reduced extrinsic mortality.
As Meiri and Raia (2) pointed out, small offspring size is an

unusual trait in association with delayedmaturity, whichmakes the
idea of an early onset of reproduction before attainment of
asymptotic size suggestive. Nevertheless, their argument for a shift
toward a fast life-history is flawed because (i) they misconceive the
correlation between extrinsic mortality and fecundity and (ii) they
ignore that fitness is associated with different traits under density-
independence vs. density-dependence. Although the scaling of
reproductive parameters to body size is tight, life-history traits are
subject to environmental influence so that for a given size there are
often marked differences in age at maturity (3). One such envi-
ronmental factor is extrinsic mortality. Contrary to the claim of
Meiri and Raia (2), it is under high adult mortality that organisms
are expected to reproduce early in life to maximize fertility (4).
Conversely, under low adult mortality, individuals are expected to
enhance fitness by delaying reproduction and by reducing fertility
(4). Resource availability is the other key selective factor that
shapes size atmaturity by directly acting upon growth rates.Models
of age and size at maturity predict that a decrease in growth
rate always leads to a delay in maturity because at some smaller-
than-normal size at maturity, fitness (r) would be negative (3).
Among similar-sized bovids, precocious breeders start re-

production within the first year, late breeders within the second
year of life (5). IfMyotraguswould have shifted toward the fast end
of the fast-slow life-history continuum, first reproduction should be
expected at the age of one. However, at this age when most bovids
are close to adult weight,Myotragus had a body mass of only one-
fifth that of an adult, and the growth trajectory of femora (1)
strongly suggests that it did not reach size and mass suitable for
successful reproduction for several years, which is unexpectedly
late for an ungulate (5).Thus, following predictions from life-his-
tory theory and in agreement with our interpretation (1), both the
low adultmortality and the slow growth rate ofMyotragus indicate a
late age at maturity and a reduced reproductive investment.
Nevertheless, the small offspring size usually associated with

fast life-histories remains unexplained. We propose that rather
than being an exception, Myotragus represents the extreme case
of evolution under density-dependent resource limitation, where
energetic constraints do not only check the resource investment
in more competitive and larger offspring predicted for low-
mortality environments (4) but even impose a decrease in fetal
growth rate and an associated small neonatal size, traits only
viable under absence of predation.
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