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Mathematical model consideration for the optimal reproductive strategy with filial cannibalism
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Filial cannibalism is observed in many species of paternal care [1]. It causes the reduction of the
current reproductive success, while it increases the advantage in the future reproductive success
by investing the obtained/saved energy to the body growth or the survivorship. The cardinal fish
Apogon doederleini copulates in several times during each breeding season, and its male cares the
brood in its mouth (mouth brooding) [5]. Its filial cannibalism is categorized into partial and entire
egg cannibalism. It is reported that the distribution of the cannibalism timing during the breeding
season is different depending on the male’s age class. In this study, we theoretically discuss the
optimal strategy of the filial cannibalism, making use of the dynamic programming modelling. Our
dynamic programming model is to determine the present optimal behavior taking account of the
expected future reproductive success. We mathematically analyze the optimal brood cannibalism
schedule of when and how much the male eats the eggs under its care. Our mathematical result
implies that the partial egg cannibalism would be hard to be observed, because it is rarely optimal
in our mathematical model. Further, by the numerical calculations for our dynamic programming
model with the parameter values estimated from the observation data [2, 3, 4, 5], we examine the
optimal strategy of Apogon doederleini. Numerical results indicate that the egg cannibalism is not
optimal in the late phase of the breeding season, although the field research observed it especially
in the older age class [5]. To understand such brood cannibalism of Apogon doederleini, our model
should be extended, for instance, to include the body size dependent or age dependent survival

probability, or the sex ratio dependent reproductive success.
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