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Resumen: Coffee is a relevant agricultural product in global economy,
with the amount and quality of the bean being seriously affected by the
Coffee Berry Borer (Hypothenemus hampei (Ferrari), CBB)[1], its princi-
pal plague. One of the ways to counter this beetle is through biological
controllers, like ants (Hymenoptera: Formicidae), some of which are char-
acterized by naturally inhabiting coffee plantations and feeding on CBB
in all their life stages. Considering the foregoing, the study describes a
predator-prey interaction between these two insects, through a mathemat-
ical model based on ordinary differential equations, where state variables
correspond to adult CBBs, immature CBBs, and ants from one species
without specifying that they have among their feeding habits that of prey-
ing on the CBB, both in adult stages as in immature stages. The system’s
equilibrium points were determined and its stability was studied through
qualitative theory and bifurcation theory and numerical simulations were
performed to illustrate the stability results. The work permits determin-
ing species coexistence conditions, as well as conditions to eradicate the
plague through the biocontrol action in combination with other actions
focused on eliminating only adult CBBs.
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Resumen: The controlled release of a herbal extract from biopolymer
membranes can be used for the treatment of skin lesions. In the experi-
mental study, release profiles where obtained from four different types of
membranes that are classified as non-porous and porous membranes.

36



In a first modelling approach, the experimental data of release kinetics
were fitted to five classical models from the literature, that correspond
to linear functions, power functions (in the literature known as: Higuchi
and Korsmeyer-Peppas model) and exponential functions (here: Weibull
function). The best models are identified by optimizing a cost function
that compares different models to the experimental data [1].

Yet, the modelling challenge consists of finding a better description of the
diffusion within a swelling membrane and through a water filled network
mesh, eventually considering that non-porous membranes have a fractal
geometry and that porous membranes have highly disorganized structures.
Therefore, in a second modelling approach, the model is formulated in
terms of a diffusion equation, where the diffusion coefficient depends on the
extract concentration. In the presentation, different modelling approaches
and simulation results are discussed.
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Resumen: Biological invasions threaten biodiversity as they are con-
sidered one of the main causes of species extinction [1l [2]. Determining
conditions under which an introduced exotic species achieves invasion suc-
cess will provide a broader understanding of biological invasions and thus
raise theoretical projections supporting future research [3]. The potential
of phenotypic change has a relevant role in the success of an invasion, [4} [5]
in fact, it could help native species to mitigate the negative impacts of an
invasion [6l [7], and thus reduce the invasiveness of the site. However, it
could give an advantage to establishment of an invasive species, that is,
increase the invasiveness of the exotic species [8]. On the other hand, the
success of an invasion depends on the introduction events and the number
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of individuals introduced in each of these events, that is the propagule
pressure [9, [10} [11]. Since exotic predators are the most disturbing in-
troduced species [12] [13], this project aims to determine conditions under
which an exotic predator achieves invasion success in a predator-prey sys-
tem. It will be possible to analyze the interplay between determinant
factors of a biological invasion success through mathematical modeling.
The model will be represented by a system of differential equations with
three state variables and several ecological parameters. In the first stage,
the parameters that determine population trends and interspecific interac-
tions will be constant, allowing us to know the effect of the exotic species’
invasiveness and the site’s invasiveness. In the second stage, the param-
eters that determine population trends and interspecific interactions will
be functions dependent on the phenotypic traits, allowing the evaluation
of the potential for phenotypic change. Finally, impulsive dynamics will
be used to study the effect of propagule pressure and thus determine how
the potential of phenotypic change offsets this. The model will be an-
alyzed with underlying mathematical theories and computational tools
[14] [15, [I6] to later give interpretations to the results obtained. This
research will provide scientific evidence that will contribute to the knowl-
edge of biological invasions, which will serve as a basis for future control
measures and management of introduced species.
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Resumen: In this work, a bidimensional continuous-time differential
equations system is analyzed which is derived of Leslie-Gower type predator-
prey schemes by considering a nonmonotonic functional response. For the
system obtained we describe the bifurcation diagram of limit cycles that
appears in the first quadrant, the only quadrant of interest for the sake
of realism. We show that, under certain conditions over the parameters,
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the system allows the existence of three limit cycles: The first two cycles
are infinitesimal ones generated by Hopf bifurcation; the third one arises
from a homoclinic bifurcation. Furthermore, we give conditions over the
parameters such that the model allows long-term extinction or survival of
both populations.
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