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Context:

With a coastline of 6 435 km and the 11th largest exclusive economic zone,
coastal maritime areas are a major concern in Chile. These coastal maritime
areas are complex systems, which involve a number of research fields (e.g.
oceanography, coastal engineering, marine biology, and socio-ecological
dynamics). Hence, understanding and modeling the dynamics of ecosystems in
such coastal maritime areas is a challenge, especially from the point of view of
ecological preservation. 

Noncompliance with harvesting regulations is a global threat that is strongly
degrading marine ecosystems and undermining the sustainability of ecological
and social dimensions. This challenge is under the umbrella of wicked and
complex problems, in which interactions between different dimensions and fields
(e.g. biological, economical, environmental, economical, engineering and
mathematics) need to be considered. The Chilean Kelp fishery is an excellent
study system as play key economical and ecological role.

Chilean kelps are an excellent complex system model as they play an important
economic, ecological, and environmental role but are facing strong levels of
noncompliance in their harvesting rules. Chile is the main global exporter of kelp
raw material from natural populations, which is extracted by over 15 000
artisanal fishers. These fisheries have the largest landings within seaweed
fisheries, representing between 55 to 73 percent of the total landings during the
last ten years. On the other hand, kelps promote ecosystem biodiversity through
the provision of food, refuge and nursing habitat, facilitating the recruitment of
many harvested and non-harvested species and building complex networks of
interactions.

This internship focuses on modeling the dynamics of kelp, a type of seaweed
that can form so-called kelp forests (i.e. underwater areas with a high density of
kelp). These kelp forest provide a unique habitat for a wide variety of marine
organisms [1]. However, the growth of kelp is very sensitive to the presence of
light, nutrients and warm temperatures [1]. Kelp forests are also vulnerable to
herbivores (like sea urchins that can feed one them) [2] and to interactions with
human, either directly (harvesting of kelp by fishermen) or indirectly (over-
fishing of species that are natural predators to herbivores eating kelp) [3].
Hence, finding an optimal strategy to protect kelp forest and/or to favor kelp
restoration in damaged areas is a key challenge [4]. Here, we focus on modeling
the socio-ecological dynamics of kelp, considering the feedback between
decision taking by fishers, the kelp population dynamics, and the network
dynamic based on the interactions between kelps and other species (predators,
competitors).

Objectives:

With respect to these challenges in kelp forest restoration, this internship
proposes to develop a model that includes both the interaction with other
marine species and the role of regulation policies. The objective is to help
understanding the feedback between these different factors affecting the
dynamics of kelp in coastal maritime areas, with a focus on management
policies (related to ecological preservation, social and economic sustainability). 

Methodology:

We rely here on an Allometric Trophic Network (ATN) model that has been
recently used for Kelp dynamics [5,6]. This model describes the evolution in the
biomass of a community of interacting species. The various species considered
are sorted in terms of kelp and other algae, filter-feeders (which also use
plankton and compete with algae for space), herbivores or omnivores (that feed
on algae) and predators (that can feed on both herbivores and algae). 

The evolution of biomass for each species is then described using a Population
Balance-type of model. This means that the biomass for the ith-species, B_i, is
described as:
  dB_i / dt = N_{gain}(B,t) - N_{loss}(B,t)
where N_{gain}(B,t) is the amount of biomass gained (e.g. due to reproduction,
growth by feeding on nutrients/species) and N_{loss}(B,t) is the amount of
biomass loss (e.g. due to death, predation by other species, harvest by
fishermen). Since the system is considered an open system, stochastic
components are incorporated into its description and the behavior of the fishers
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is parameterized through a Wright–Fisher stochastic process.

In a spirit similar to what has been done recently at Universidad de Valparaíso
(UV) and Universidad de Concepción (UdeC), we plan to extend this approach
with a stochastic model that accounts for the interaction between fishermen and
regulation policies accompanied by financial incentives (i.e. incorporating models
for the behavior of fishermen depending on the price of the resource and on the
state support/penalties).
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