Non-stationary dynamics in a complex marine biogeochemical model
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Abstract. Although non-stationary dynamics have been observed in nature, it is still unclear if these behaviors are
inherent of ecological systems or whether they are the result of external forcings. In order to comprehend how rarely
non-stationary dynamics occur in ecosystems, we analyzed a complex biogeochemical model. It was discovered that half
of the possible choices of parameter and initial conditions of the model lead to non-stationary dynamics, even if the bulk
of such trajectories show relatively tiny oscillations. Such trajectories can resonate with an external noise, making them
significant. By altering how the model describes the structure of the food web, we looked for the reasons of its stability.
We discovered that traits like omnivory and center of gravity are essential to the stability of the web. Our results support
the widely accepted hypothesis that predators that can feed on a variety of prey, potentially at multiple trophic levels, are
associated with stable ecosystems.

Introduction

The importance of investigating not stationary dynamics (such as periodic or chaotic behaviours ) in ecolog-
ical systems stems from the abundant evidence of the existence of periodic changes in population densities.
However, it is still not clear whether such periodic fluctuations are intrinsic of ecological systems or due to an
external forcing. Many studies show that simple models exhibit periodic cycles and chaotic behaviour [1, 2].
Other studies indicate that real natural population systems are unlikely to behave chaotically unless forced by
an external factor, such as human actions, even if the seeds of chaos are present [3]. Moreover, it is known that
strong oscillations can be induced by stochastic forcing. One of the most important examples of resonance be-
tween stochastic noise and internal oscillation modes is reported in [4], where it is demonstrated that glaciation
cycles can be described by resonance of stochastic noise with the periodicity of astronomical forcing. In this
work, we investigate the presence of internal model oscillations in a complex biogeochemical model to examine
the conditions under which resonance with stochastic fluctuations can occur and whether this phenomenon can
be considered rare or common.

Results and discussion

We found that half of the possible parameters and initial conditions choices lead to very small fluctuations in the
solutions of the model. Such solutions, which we have defined as quasi-stationary, can resonate with stochastic
noise and can be the seeds of chaos thought to exist in nature. However, only 3% of the perturbed samples has
exhibited large fluctuations. This confirms the notion that complex models are stable.

Therefore, we searched for the causes of food web stability. We found that the most important features charac-
terizing food web stability are omnivory and center of gravity. However, omnivory alone is not able to stabilize
a web; on the contrary, in long chains it plays a destabilizing role. This can be explained by the fact that preda-
tion of top predators at different levels of a food chain enhances the predation at the lowest levels, destabilizing
the whole chain. Instead, a low center of gravity, i.e. the presence of alternative prey species, especially at the
lowest trophic levels, is a very effective mechanism for reducing unstable dynamics.
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