Vol. 148, No. 1 The American Naturalist July 1996

NOTES AND COMMENTS

EVOLUTION OF EGG SIZE IN FREE-SPAWNERS: CONSEQUENCES OF
THE FERTILIZATION-FECUNDITY TRADE-OFF

The role of fertilization ecology in the life-history evolution of marine organ-
isms has received growing attention in the last decade (Pennington 1985; Denny
and Shibata 1989; Levitan 1991; Petersen 1991; Oliver and Babcock 1992; re-
viewed in Levitan 1995). Recently, Levitan (1993) has proposed a hypothesis to
explain the evolution of egg size in marine invertebrates in terms of the probability
of egg fertilization. Using a model of fertilization kinetics developed by Vogel et
al. (1982), Levitan predicts that larger eggs will be fertilized at a greater rate
because they provide a larger target for sperm. He concludes that conditions of
sperm limitation can select for larger eggs and that variation in such conditions
can contribute to observed patterns of interspecific variation in egg size. Recog-
nizing this advantage of large egg size makes an important contribution to evaluat-
ing the fitness consequences of how resources are divided among gametes. When
included in life-history models that incorporate effects of size on development
time and larval mortality (e.g., Vance 1973b; Christiansen and Fenchel 1979), the
fertilization advantage could shift optimal egg size in a way that depends on
sperm limitation (Levitan 1993).

To test the hypothesis that zygote production is enhanced by large egg size,
however, Levitan uses an interspecific comparison in which other gamete attri-
butes co-vary with egg size. He derives parameters for three species of the sea
urchin Strongylocentrotus—including egg size, egg fertilizability, sperm speed,
and sperm half-life—and uses them in the fertilization kinetics model to predict
zygote production by each species under varying sperm concentrations. Because
egg size is confounded with other species-specific characters, this comparison
leads to the incorrect inference that rank order of zygote production among spe-
cies is due, in part, to differences in egg size. As will be shown here, greater
zygote production by Strongylocentrotus droebachiensis relative to its congeners
results from interspecific differences in egg fertilizability and sperm half-life, not
from larger egg size.

Furthermore, as Levitan points out, the fitness consequences of egg size must
be evaluated within the framework of a life-history trade-off that limits egg size.
For zygote production, the relevant trade-off is between the size and number of
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