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ABSTRACT. A size-structured hierarchical model is de- 
rived for the size specific density distribution of a popula-
tion whose birth, death and growth rates are functions of 
energy obtained from both cannibalism and alternative food 
resources. The dynamics of the alternative resources are in- 
cluded in the model. From this integro-partial differential 
equation model a plane autonomous system is derived for the 
dynamics of the total population biomass and the alterna- 
tive resource. When cannibalism is not present it is proved 
that this system exhibits only global equilibrium dynamics. 
When cannibalism is included it is shown by examples that 
sustained oscillations can occur through a Hopf bifurcation to 
stable limit cycles. This is in contrast to  similar models in 
which the alternative resource is held constant in time. 

1. Introduction. Intra-specific predation or cannibalism has im- 
portant dynamical, evolutionary, and ecological implications for a wide 
variety of biological organisms, ranging from unicellular organisms to 
large mammals, and its occurrence is more widespread and frequent 
than is commonly thought [7, 8, 141. Some of the dynamical con- 
sequences attributed to cannibalism are population regulation; oscil- 
lations in population numbers; age class, size class or life cycle stage 
dominance; multiple equilibrium states; and hysteresis effects. Mathe- 
matical models have been used by several investigators to investigate 
some of these phenomena; see, for example, [I,2, 3, 4, 5, 6,9,10, 
11, 151. 

Structured models that account for physiological differences between 
individuals in a population are required for a cannibalism model be- 
cause the potential of an individual as either a cannibal or a victim 
depends on certain physiological attributes. One attribute that plays a 
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