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ABSTRACT. A three-trophic-level model of plankton dy- 
namics with instantaneous nutrient recycling is considered. 
The model consists of autotrophic phytoplankton, herbivorous 
zooplankton, carnivorous zooplankton and dissolved limiting 
nutrient. Conditions are derived such that one or more com- 
ponents of the populations tend to extinction. Persistence 
criteria for the model are also obtained. As well, the bifur- 
cation of periodic solutions from one of the coordinate plane 
into the positive cone is studied. 

1. Introduction. To date several attempts to model nutrient plank- 
ton dynamics have been made. Early models tended to concentrate on 
the interaction of phytoplankton and zooplankton only. More recently, 
models have become more holistic by attempting to embrace a larger 
portion of our knowledge of the components of the ecosystem and the 
flow of materials between these components. Williams [41]provided the 
conceptual background for a plankton dynamics model incorporating 
bacteria, protozoans and dissolved organic matter. Evans and Parslow 
[13]presented a model of phytoplankton-zooplankton-nitrogen dynam- 
ics in a seasonably varying mixed layer. They showed how the seasonal 
recurrence of plankton cycles, in particular the spring bloom, is driven 
by the interaction of physical mixing with removal by grazers. DeAnge- 
lis, Bartell and Brenkert [9]studied the effects of nutrient recycling and 
food-chain length on resilience of a plankton model consisting of car- 
nivore, herbivore, autotroph, detritus and nutrient. Fasham, Ducklow 
and McKelvie [14] constructed a simple but realistic model of plank- 
ton and nutrient dynamics of the oceanic mixed layer that includes the 
major plankton groups (plankton, zooplankton, bacteria) and the ma- 
jor forms of nitrogen (new and recycled inorganic forms, dissolved and 
particular organic forms). 

An ecological system is virtually never totally closed to material fluxes 
from the outside; these are generally inputs of nutrients to the system, 
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as well as losses from the system. Recently, Wroblewski, Sarmiento 
and Flier1 [44] introduced a closed two-trophic-level food chain model 
which they used to study plankton densities in different ocean layers. 
Busenberg et al. [I] studied the stability of the model constructed 
by Wroblewski et al., and pursued the biological implications of the 
stability results and of the existence of stable oscillatory states. In [35], 
based on the model built by Wroblewski et al., we considered three open 
models consisting of phytoplankton, zooplankton and dissolved limiting 
nutrient with a constant input concentration of the limiting nutrient 
and different constant washout rates, a periodic input concentration 
and a constant washout rate, a constant input concentration and a 
periodic washout rate, respectively. Persistence and bifurcation were 
discussed. 

In the present paper, we consider a three-trophic-level food chain 
model with instantaneous nutrient recycling, which consists of au- 
totrophic phytoplankton, herbivorous zooplankton, carnivorous zoo- 
plankton and dissolved limiting nutrient. We suppose that the car- 
nivorous zooplankton (&) feeds on the herbivorous zooplankton (&), 
in turn the herbivorous zooplankton feeds upon the autotrophic phy- 
toplankton (P), and only phytoplankton takes nutrient (N) directly. 
All dead carnivorous zooplankton, herbivorous zooplankton and phy- 
toplankton recycled back into nutrient. We will consider the question 
of extinction and persistence of the three trophic level model. It is 
also shown that coexistence of all components may occur in the form 
of bifurcating periodic solutions. Similar three-trophic-level chemostat 
type models have been studied by Butler, Hsu and Waltman [3], Keener 
[26], (see also Butler and Wolkowicz [6], Wolkowicz [43] and Waltman 
[do1 

FIGURE 1. A three trophic level food chain for plankton dynamics 
with limit nutrient recycling. N O  is the input rate of nutrient, D is 
the washout rate. 


















































