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Abstract 
Seasonal variations of plankton communities in the Toulon Bay (Var, France) have been studied since 1995 [1, 2] and samplings have 
been carried out regularly. The abundance of phytoplankton (P), zooplankton (Z) and nutrients concentration (N), i.e. average 
concentrations of nitrates and orthophosphates have lead to a three-trophic model [3]. Since 2005, bacteria average concentrations 
(B) have been also evaluated to take into account their influence on plankton communities in the remineralization process. Thus, the 
aim of this article is to propose the most simple and consistent Nutrient-Phyto-Zooplankton-Bacteria model transcribing this process. 
Then, regarded as a dynamical system its mathematical features are highlighted.
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The biological point of view   
The classical three-trophic food chain [6] can be modelled by interactions of 
predator-prey type which consist of a top-predator (Z) which can graze on 
phytoplankton (P) which on its turn can predate on nutrients (N). But, 
bacteria can break down into utilizable nutrient, a process known as 
remineralisation [4]. Then, zooplankton can graze either upon phytoplankton 
or bacteria or both. Many models have been already developed in order to 
transcribe such behaviour [4] but the functional responses that involve make 
their mathematical study and biological interpretation difficult. So, starting 
from such seminal works the most simple and consistent NPZB model is 
proposed.   
 
Modelling    
Let’s consider the classical Volterra predator-prey model [5, p.88] for a three 
trophic level interaction involving nutrients (N), phytoplankton (P) and 
zooplankton (Z) and let’s include bacteria (B). This NPZB model does not 
include any functional response with limitation such as Holling type II or 
type III [4] since it can be considered that bacteria are playing the role of 
limiting factor in the evolution of this system. By considering that the 
remineralisation process can be modelled by an interaction of predator-prey 
type two terms are added to the nutrients growth: PB and ZB which 
correspond to the transformation of phyto and zooplankton losses into 
nutrients by the bacteria. Of course such terms represent an uptake for the 
bacteria. The most simple and consistent NPZB model is thus built with a 
parameter set chosen in a biological range.    
 
Mathematical aspects    
The behaviour of such dynamical system transcribes the evolution of each of 
its components. And since for certain parameter values this singularly 
perturbed system has three times scales the rates of change for the prey (N), 
the predator (P), the top-predator (Z) and the bacteria (B) range from fast to 
intermediate to slow, respectively [7]. The slow manifold analytical equation 
on which the trajectory lies (limit cycle or chaotic attractor) is provided 
according to a new method developed in [8]. Then, a state analytical equation 
involving the four variables is established. 
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