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A Mathematical Model for The Number of Trophic Levels in Energy Food Chain
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In ecosystem, plants produce energy by photosynthesis. Energy transfers from plants to herbivores,
and then, to carnivores through the food chain composed with trophic levels. The first and the
second trophic levels consist of plants and herbivores respectively, and the uppers do of carnivores.
We consider the possible number of trophic levels in the food chain by analyzing the above system
to govern the temporal variation of energy reserves in the food chain with m energy trophic levels.
Nim = N;m(t) is the energy reserve of the i th trophic level. Parameters «;, ; and ¢ are all
positive constants. «; is the energy transfer rate from the ¢ — 1 th trophic level to the ¢ th, §; the
energy dissipative rate for the ¢ th trophic level, and ¢ the primary production rate. We assume
the stationary environment such that the primary production rate is independent of variations in
the energy reserve of plants and herbivores. The possible number of established trophic levels is
essentially determined by ¢. We can show that the infinitely long chain can be established with some
conditions for «;, d; and ¢. There is the upper limit for the number of established trophic levels in
the other case. In a specific case when a; = o and §; = ¢ for every 4, the infinitely long chain cannot
be established. In this case, we find that, for the possibly longest chain, the lower trophic level has
greater energy reserve than the higher has, so that the distribution of energy reserve can be regarded
as a pyramid shape. Besides, if the top level is removed in this case, the pyramid shape cannot be
maintained although the even (resp. odd) levels keep such monotonicity in terms of energy reserve.
We are going to get some systematic discussions with more detail analysis about the structure of
energy food chain given by our model.



