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Coexistence of large herbivores
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Theory of Gommunity Ecology
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Complex life cycles and ontogenetic niche shift

Size, Scaling, and the Evolution of Complex Life Cycles
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How pervasive are these modes of development in animal life cycles? Pearse
et al. (1987) list some 33 phyla in the kingdom Animalia. In 25 of these phyla
metamorphosis is a major life cycle feature, or at least important classes undergo
a metamorphosis (Table 1). Of the seven phyla that appear not to exhibit
metamorphosis, only the Nematoda is speciose. Due to the dominance of insects
and the marine phyla, I have estimated that perhaps 80% of animal species
undergo a metamorphosis during the life cycle! Additionally, a large proportion
of direct developing species exhibit marked shifts in niche during ontogeny and
therefore effectively have complex life histories (Werner and Gilliam 1984). Clear-
ly, complex life cycles are the norm among animals, and ontogenetic shifts in
ecology and attendant changes in body plan represent a pervasive and characteris-
tic element of life history structure.



How does adding a larval ife-stage affect community assembly driven by
competition for shared resources?

Resource, R(z) Juvenile resource, R,(z) Adult resource, R,(z)
Maturation
-5/‘\
s\/‘ .......................................................
X Birth X
Resource type, z Resource type, z Resource type, z
Simple life cycle Complex life cycle
competition for resources competition for juvenile resources aftects maturation rate
affects birth rate and competition for adult resources affects birth rate

(ontogenetic niche shif?)




From LV predatory-prey to LV competition (Robert MacArthur)
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From LV predatory-prey to LV competition (Robert MacArthur)
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From LV predatory-prey to LV competition (Robert MacArthur)
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From LV predatory-prey to LV competition (Robert MacArthur)
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Gradual diversification driven by competition for resources

4000

Time

2000

25 0
Trait, x

2.5



From LV predatory-prey to LV competition — with ontogenetic niche shift
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From LV predatory-prey to LV competition — with ontogenetic niche shift
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Gradual diversification driven by competition for resources at two life stages




From LV predatory-prey to LV competition — with ontogenetic niche shift
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Adult trait

Results: Gradual evolution

Complex life cycle
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Results: Gradual evolution
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Results: Immigration

Addition of randomly selected phenotypes until community 1s saturated.
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Gradual evolution vs. Immigration

| Gradual evolution |
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Gradual evolution vs. Immigration
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Symmetry breaking under gradual evolution
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Gradual evolution vs. Immigration
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A version with two resources per stage
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Stage specific trade-off 1n resource feeding efficiencies
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Results: Joint gradual evolution

Symmetric resource
growth rates
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Results: Joint gradual evolution
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Simulation algorithm: jump process

ancestral type
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Traat substitution rate: per-capita mutation rate times population
birth rate times establishment probability

g(yia X) — /'LAZ' b(m’iv X)pest(yz'a X)

Establishment probability: probability of a beneficial mutation to
escape extinction due to demographic stochasticity

m(yza X) . dA

Pest (yza X) —

Polymorphic trait substitution sequence: next trait substitution given

by relative trait substitution rate

9(yi, X)/ 214y 9(y, X)



Gradual evolution vs. Immigration
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k=1 vs. k=2
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Asymmetry 1n resource abundance — Gradual evolution
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Asymmetry 1n resource abundance - Immigration
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Gradual evolution — ten stmulation runs
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Complex life cycles facilitate species richness through immaigration

e immigration A gradual evolution
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Population dynamics

Adult dominated Juvenile dominated

Equal size populations
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Population dynamics
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From LV predatory-prey to LV competition — Complex life cycles
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From LV predatory-prey to LV competition — Complex life cycles
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Intrinsic maturation and birth rate
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Competition coeflicients
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