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Zeno of Elea, the ancient Greek philosopher, proposed a paradox that
captures one of the challenges facing evolutionary paleoecologists: that
which is in motion must arrive at the halfway stage before it arrives at
its goal (Aristotle, 1984). Zeno describes a footrace between Achilles and
a tortoise and explains that if Achilles, a fast runner, gives the tortoise a
head start, he will never overtake the tortoise. Achilles must traverse a
finite series of distances before catching the tortoise, but in the time it
takes Achilles to achieve this distance the tortoise crawls forward a tiny
bit farther. As a result, Achilles is forever chasing a tortoise he can never
actually catch.
This seeming paradox resembles one of the challenges facing evolutionary paleoecologists; that is, the ever-present challenge of keeping up
with developments in modern community ecology—a swift opponent
with a definite head start. Several major patterns of functional biology
and life habits are well established for marine organisms throughout the
Phanerozoic (Bambach, 1985, 1993; Sepkoski and Miller, 1985; Bottjer
and Ausich, 1986). The lack of coherent theories to help understand these
macroevolutionary trends, however, keeps evolutionary paleoecology a
step behind (Jackson, 1988; Allmon, 1994; Allmon and Bottjer, 2001).
The good news is that this paradox is not irresolvable. Perhaps evolutionary paleoecologists, like the mathematicians who used calculus to
produce practical solutions to Zeno’s paradox, can use math to gain headway; for example, the mathematical model of the unified neutral theory
of biodiversity and biogeography (Hubbell, 2001). The unified neutral
theory might prove useful to paleontologists because it results in a large
number of testable predictions concerning presence-absence, relative
abundance, and persistence times of species in communities, as well as
testable predictions about modes of speciation. What is most exciting is
the ability of the theory to predict modes of speciation—before we can
ask how ecological processes help mold evolution through time, we need
to determine how species originate. For those not familiar with this theory, a brief overview is provided here, but details can be found in Hubbell’s (2001) book, The Unified Neutral Theory of Biodiversity and Biogeography.
The unified neutral theory builds onto the well-known theory of island
biogeography (MacArthur and Wilson, 1967) by incorporating a dynamic
theory of relative species abundance and sets forth a synthetic explanation
for the observed species abundance patterns within modern ecological
communities (Hubbell, 2001, 2005; Chave, 2004). Similar to the theory
of island biogeography, the unified neutral theory assumes that ecological
equivalents have the same birth, death, and migration rates. Unlike the
theory of island biogeography, however, the unified neutral theory defines
this symmetry (i.e., neutrality) at the individual level rather than at the

species level; it is argued that the probability of speciation and extinction
are dictated by relative abundance (Levinton, 1979; Hubbell, 2001). By
incorporating speciation into the theory of island biogeography, the unified neutral theory is able to predict the existence of a fundamental biodiversity number, which determines the distribution of species richness
and relative species abundance on a wide variety of spatial and temporal
scales, an aspect that makes this theory appropriate for application to the
fossil record (Hubbell, 2005). One of its significant predictions states that
speciation mechanisms can be determined by examining macroevolutionary patterns of species richness and relative abundance patterns (Hubbell,
2005). If speciation mechanisms and these macroecological patterns are
linked, as Hubbell (2001) suggests, then documenting relative species
abundance in the fossil record will further our insight into speciation
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processes. If speciation processes can be determined, it will prove
invaluable to helping researchers translate ecological interactions into
macroevolutionary trends.
My primary goal in the coming years will be to try to incorporate the
unified neutral theory into evolutionary paleoecology by examining local
and regional relative abundance patterns within the Middle Triassic. The
Middle Triassic is often overlooked because by this time speciation increases and so-called Lazarus taxa appear, marking the onset of ecosystem
recovery (Jablonski, 1986; Erwin, 1996, 2006). Recent research indicates
that Early Triassic survivors fail to persist beyond the Olenekian stage
(last stage of the Early Triassic) and thus fall into the category referred
to as Dead Clade Walking (Jablonski, 2002). It is not until the Anisian
stage of the Middle Triassic that survival rates begin to increase to preextinction levels (Jablonski, 2002). It is generally understood that a major
restructuring of marine organisms occurred after the end-Permian mass
extinction in terms of ecological complexity and diversity dynamics (Vermeij, 1977; Sepkoski, 1981; Erwin, 1994, 1998, 1999; Miller and Foote,
2003; Wagner et al., 2006). If the Early Triassic survivors of the endPermian mass extinction do not participate in postrecovery diversification, then the Middle Triassic holds the key to the origins of this major
marine restructuring and warrants further study.
Despite the enormous progress over the past 30 years, the cause of the
post-Paleozoic reorganization remains contentious. Several hypotheses
have been proposed to explain the change from Paleozoic to postPaleozoic marine ecosystems: changes in predation patterns, increasing
disturbance of sessile benthos through bioturbation and rasping herbivores, and specific competition for resources—the most classic explanation (Rudwick, 1970; Steele-Petrovic, 1976; Thayer, 1981, 1983, 1985,
1986; Vermeij, 1987; Donovan and Gale, 1990; Rhodes and Thompson,
1993). Exploitation of new ecospace, diversity dependence, and species
packing have also been used as explanations for the replacement process
(Sepkoski, 1979; Bambach, 1985; Sepkoski and Miller, 1985; Bottjer and
Ausich, 1986; Miller and Sepkoski, 1988), as well as a change to a more
nutrient-rich sea, leading to greater availability of food resources (Vermeij, 1987; Bambach, 1993, 1999).
Can the unified neutral theory help us provide fundamental insight into
post-Paleozoic marine ecological changes? I believe it has heuristic power
through its inherent links to determining speciation processes, and what
better place to test this method than in the Middle Triassic, the time when
many post-Paleozoic marine taxa originated.
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