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Mathematical model for the territory size distribution of sit-and-waiting type predator
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We consider the optimal territory size for a sit-and-waiting type predator. In general, the larger
territory requires the larger cost to sustain and protect it. In this reason, too large territory could
not be optimal for the owner’s benefit. Let = be the territory size, M (z) be the expected number of
preys visiting the territory of size x per unit time, P(x) be the probability of successfully catching
and eating a prey visiting the territory. Then we can define the expected amount of successful
predation per unit time by W(z) = P(x)M(x). Larger territory could accept more preys, whereas
direct and indirect interaction between territories (i.e. their owners) could cause the reduction in
the number of visiting preys, owing to competition between them, intrusion of other predators,
and destruction/modification of territory by other predators. In these reasons, we assume that the
function M (z) of x is monotonically increasing with an upper bound, or unimodal with a unique
maximal extremum. As for the probability P(z), it is assumed to be monotonically decreasing in
terms of x, because of the increase of cost to sustain and protect the territory. Firstly in this work,
we mathematically derive the optimal territory size to maximize W (x) for some concrete forms of
M(z) and P(x). Then, making use of the result, we consider the distribution of territory size,
introducing a distribution of the parameter expressing the strength of interaction between territories,
which reflects the distribution of predator’s quality (e.g. some ranking about the dominance). In case
of an appropriately hypothesized distribution of the parameter, we could find that the consequent
distribution of territory size could have a wide variety of characteristics with the existence of such
interactions between territories.
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