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ABSTRACT
The fractional derivatives occurring in the definition of fractional Fokker
Planck equations allow to model the spread of invasive species in a more
realistic way with respect to the classical ones [3]. However, due to the fact
that they are nonlocal operators, their numerical approximations should be
done with some care in order to have advantages in terms of memory saving.
A possible way for doing it is to apply the so-called short-memory approach
which, in general, provides quite poor results [2].
In this talk we shall present a technique based on the rational approximation
of the generating functions of Fractional Backward Differentiation Formulas
(FBDFs). Accurate approximations lead to the definition of methods which
simulate very well the theoretical properties of the underlying FBDF and
provide a promising tool for solving this type of fractional partial differential
equations [1].
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[1] L. Aceto, C. Magherini, P. Novati (2014) On the construction of m-step methods for FDEs, submitted (available on arXiv: 1405.5011v1).
[2] I. Podlubny (1999) Fractional differential equations. Mathematics in Science
and Engineering, 198. Academic Press, Inc., San Diego, CA, pp. XXIV+340.
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numerical method for the time-space fractional Fokker-Planck equation with
a nonlinear source term, Int. J. Differ. Equ., Art. ID 464321, pp. 22.

c DSABNS

ISBN: 978-989-98750-1-2

1

Sixth Workshop Dynamical Systems Applied
to Biology and Natural Sciences DSABNS 2015
Lisbon, Portugal, February 4-6, 2015

Modelling dengue fever epidemiology:
complex dynamics and its implication for data analysis
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ABSTRACT
Dengue fever epidemiology dynamics shows large fluctuations of disease incidence and mathematical models describing transmission of disease ultimately
aim to be used as predictive tools to evaluate the introduction of intervention strategies. Recently, mathematical models describing the transmission of
dengue viruses have focused on the multi-strain aspect, Antibody DependentEnhancement (ADE) effect and temporary cross immunity trying to explain
the irregular behavior of dengue epidemics.
Dengue models including multi-strain interactions via ADE but without temporary cross immunity period e.g. have shown deterministic chaos when strong
infectivity on secondary infection was assumed. The addition of the temporary
cross immunity period in such models shows a new chaotic attractor in an unexpected parameter region of reduced infectivity on secondary infection [?], i.e.
deterministic chaos was found in a wider parameter regions.
The introduction of stochasticity was needed to explain the fluctuations observed in some of the available data sets, revealing a scenario where noise and
complex deterministic skeleton strongly interact [3]. Understanding the dynamics of stochastic populations, and how they interact with the deterministic
components of epidemiological models have maximum benefit on the practical
predictability of the dynamical system by analyzing the available epidemiological data via mathematical models, since the classical parameter estimation and
its application are generally restricted to fairly simple dynamical scenarios [4].
Often parsimony in such models is needed to be predictive and not get lost in
unnecessary components of the model [5].
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Multi-strain dengue models are often modelled with SIR-type models
where the SIR classes are labelled for the hosts that have seen the individual strains. In this talk, we present a set of models motivated by dengue
fever epidemiology and compare different dynamical behaviours originated
when increasing complexity into model framework, anticipating that temporary cross-immunity and difference between primary and secondary infections appear to be the key factors determining disease transmission, outcome
of infection and epidemics. These models are parametrized on the official
notification dengue data from Bureau of Epidemiology, Ministry of Public
Health in Thailand [6]. The extended models show complex dynamics and
qualitatively a very good result when comparing empirical data and model
simulations.
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ABSTRACT
One was considered non-linear age-structured model of population dynamics based on the initial-boundary value problem for the non-linear hyperbolic
equation with integral boundary condition. This model describes the evolutionary dynamics of polycyclic population with non-linear species death rate.
Latest controls the feedback influence of population growth on the increasing
of mortality process in population. The explicit solution of this problem was
obtained by the method of characteristic and common solution of nonlinear
J.Bernoulli’s equation. Exact solution enabled us to create an accurate numerical algorithm and carry out the numerical simulation of different scenarios of
polycyclic population dynamics [1, 2].
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ABSTRACT
Background: With about 100 million apparent infections occurring each
year, dengue is a major international public health concern. To date, no specific treatment is available for this disease but the Sanofi Pasteur (SP) vaccine candidate has in 2014 successfully met its primary objectives, namely to
demonstrate protective efficacy against symptomatic dengue. Its efficacy has
been demonstrated first in a Phase 3 efficacy trial performed in five Asian countries (Indonesia, Malaysia, Philippines, Thailand, Vietnam). And later in 2014,
a second Phase 3 trial performed in 5 American countries (Brazil, Colombia,
Honduras, Mexico, Puerto Rico) has confirmed its efficacy. Methods and
Findings: Results observed during the phase 3 efficacy trials performed for
the SP vaccine candidate were used to fit an age-structured, host-vector and
serotype-specific compartmental model previously developed (Coudeville et al.
[2012]). The estimation was performed using Approximate Bayesian Computation (ABC) method based on Sequential Monte Carlo similar to one proposed
by Toni et al. [2009]. This estimation allowed first to capture the force of
infection prior and during the study period in each of the five countries. We
considered several scenarios of cross-interactions between serotypes and estimated the duration of cross-protection and level of enhancement in case of
secondary infection corresponding to them. We also tested several scenarios of
vaccine efficacy based on 1) difference in efficacy between serotypes 2) increase
in efficacy after subsequent doses 3) protection conferred to nave and primed
populations. Results obtained allowed to identify a subset of scenarios providing a good fit to the data. Interestingly, all these scenarios lead to vaccine
profiles able to significantly impact disease burden. Conclusion: The analysis
performed on the basis of the result of the first efficacy trials suggests that the
SP dengue vaccine has the potential to significantly impact dengue burden.
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ABSTRACT
When modelling immune responses it is essential to capture the precise mechanisms that lead to the onset and development of observed dynamical regimes.
In this talk I will discuss two particular aspects of immune dynamics. The first
part relates to the breakdown of immune tolerance and onset of autoimmunity as a by-product of immune response to a viral infection. Using a recently
developed model [1, 2], I will show how explicit account of T cells with different activation thresholds may be used to explain different patterns of immune
dynamics, such as normal clearance of infection, chronic infection, periodic oscillations associated with relapses and remissions in the clinical observations,
as well as multiple infections and treatment. I will also present a model of
plant immune response [3], where the emphasis is on the role of time delays
representing maturation time of proliferating tissue and the activation delay of
post-translational gene silencing. Detailed bifurcation analysis of this model
will demonstrate how stability and dynamical behaviour is affected by the system parameters and the time delays. I will conclude with a discussion of some
open problems in modelling the dynamics of immune responses.
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ABSTRACT
Stochastic differential equation (SDE) models are used to describe the
growth of a population living in an environment subjected to random fluctuations (see, for example, [1, 2]). When the population is subjected to harvesting
(in fisheries, forestry, etc.), we include in the SDE an extra term subtracting
the harvesting yield resulting from the adopted harvesting policy. There is previous work on the optimal design of the harvesting policy with the purpose of
maximizing the accumulate yield or the accumulated profit (discounted by a depreciation rate) over time (see, for example, [3]). Under certain conditions, the
optimal policies consist in whipping out the population as quickly as possible,
leading to the extinction of the population. Under more favorable conditions,
the optimal policies are of bang-bang type, consisting in constantly alternating
between short periods of harvesting and no-harvesting, according to the (randomly varying) population size. This type of policies could be applicable if we
were talking about financial assets, which can be evaluated and traded almost
continuously, but they are not applicable in harvesting. In fact, evaluation of
population size is difficult, expensive and time consuming, and the logistics of
harvesting are not compatible with very frequent randomly determined changes
(both from the practical point of view and also from the point of view of the
social problems it would cause).

An alternative methodology was proposed in [4] (for the logistic and Gompertz models) and in [5] (for the Gompertz model), where the expected sustainable yield was optimized. The methodology is based on sustainable and
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applicable fishing policies that lead also to sustainability of the population
and a stationary distribution of the population size. In [2], the population
stationary behavior was studied for general population growth models. We
seek now policies of this type that are optimal in terms of average yield or
profit per unit time. We consider both specific (for which we can explicitly
determine the optimal harvesting policies) and general population growth
models.

References
[1] Beddington, J. R. and May, R. M. (1977) Harvesting natural populations
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463–465.
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[3] Alvarez, L. H. R. and Shepp, L. A. (1998) Optimal harvesting of stochastically
fluctuating populations., J. Math. Biology, Volume 37, pp. 155–177.
[4] Braumann, C. A. (1985) Stochastic differential equation models of fisheries
in an uncertain world: extinction probabilities, optimal fishing effort, and
parameter estimation. parameters. In Mathematics in Biology and Medicine
(V. Capasso, E. Grosso, and S. L. Paveri-Fontana, editors) , Springer, Berlin,
pp. 201–206.
[5] Zou, Z., Li, W., and Wang, K. (2013) Ergodic method on optimal harvesting for a stochastic Gompertz-type diffusion process., Applied Mathematics
Letters, Volume 26, pp. 170–174.
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ABSTRACT
We consider a fixed size population divided in three different classes:
Susceptible, Infeccious and Recovered. In particular, we consider a classical
β

γ

α

SIR dynamics: (S + I −→ 2I, I −→ R, R −→ S) where the infecctious term
β(t) is a periodic function. We include in the model a periodic vaccination
p
function p(t), such that the trasition S −→ R is also allowed.
We show the existence of an optimal vaccination popt , in the sense that it can
be approximated by vaccination functions able to prevent outbreaks and all
these other functions will necessarily imply the existence of a vaccination effort
at least equal to the vaccination effort of popt . For some examples, we are able
to show explicitly popt as a function of β.
Finally, we introduce a population of rational individuals and we will show how
the voluntary vaccination affects the dynamics. In particular, we consider that
each individual is rational, i.e., each individual decides freely, according the the
available information, if he or she is willing or not to be vaccinated. To this
end, we will couple a system of differential equation with principles from game
theory. We prove the existence of a Nash-equilibrium vaccination function pNash
(i.e., when all individuals in the population are rational) and, for some simple
examples, we show explicit formulas for pNash .

References
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ABSTRACT
SEASON is a spatially explicit agent-based model of Aedes aegypti female
mosquito, vector of dengue [1], [2], [3]. Avatar mosquitoes interact with each
other and with their artificial environment. The latter represents a poor area
in Delhi (India) processed with a geographical information system. SEASON
model provides detailed information on mosquito behaviours and can lead to
new research questions as well as targeted actions against them. The aims of
this presentation is to present SEASON model and its validation, focusing on
interesting simulation results regarding the mosquito cohorts flight distance in
different urban landscape. More precisely, the density of roads and buildings
around the mosquito breeding site acts as a barrier and appears to be a limiting factor for the mosquitos mobility. The model is also able to reproduce the
studied mosquito populations age pyramid, which is important regarding the
frequent blood-feeding behaviour of this mosquito.
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population, Environmental Modelling and Software, 25 (12) , pp. 1490–1507.
[2] Cummins, B., Cortez, R., Foppa, I., Walbeck, J., Hyman, J. (2012) A spatial
model of mosquito host-seeking behavior, PLoSComput. Biol. 8, e1002500 .
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ABSTRACT
The celebrated scalar Nicholson’s blowflies equation
x0 (t) = −dx(t) + βx(t − τ )e−ax(t−τ ) ,
where d, β, a, τ > 0, was introduced by Gurney et al. [3] in 1980 as a model
for the Australian sheep-blowfly population, as it agreed with the Nicholson’s
experimental data published in [4]. Here, we consider a Nicholson’s blowflies
system with patch structure and multiple discrete delays, and analyze several
features of the global asymptotic behavior of its solutions. It is shown that if the
spectral bound of the community matrix is non-positive, then the population
becomes extinct on each patch, whereas the total population uniformly persists
if the spectral bound is positive. When the population uniformly persists, the
existence of a unique positive equilibrium is established, as well as a sharp
criterion for its absolute global asymptotic stability. This work [2] improves
and generalizes results in [1].
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ABSTRACT
Mutations that change fitness have been described as the “raw material” of
evolution, because they are the ultimate source of heritable fitness variation
upon which natural selection acts. Despite their central role in evolution, however, little is known about them. This fundamental deficiency in evolutionary
biology [1] is primarily due to the notorious difficulty of inferring the fitness
effects of newly-arising mutations, a difficulty that derives from the unavoidable confounding effects of natural selection. Natural selection imposes a strong
sampling bias in favor of higher-fitness genotypes, and as a further complication,
this biasing effect itself depends on the dynamic composition of the population.
We derive a novel framework for robust inference of fitness effects of mutations
– a hierarchy of statistical relations that result from a cumulant expansion of
PDE models of evolutionary dynamics [2, 3]. We assess the accuracy with which
this framework is able to reconstruct the distribution of fitness effects of newlyarising mutations, using samples taken from simulated evolving populations as
well as evolving populations of Escherichia coli. I will discuss our work in the
context of other, more mechanistic but perhaps less accurate, attempts to reconstruct this fundamental distribution; I will also mention how these methods
might be used to decipher general features of fitness landscapes and perhaps
even to forecast the near-future evolutionary trajectory or fate of a population.
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ABSTRACT
Understanding the competitive interactions shaping multi-strain pathogen
systems is a major challenge in the control of infectious diseases. Perturbations
of diverse pathogen communities through vaccination offer an opportunity to
infer such interactions and may bring new insights into the old debate of neutral vs. niche mechanisms for biodiversity. In this work, we argue for a wider
interpretation of stable coexistence in multi-type pathogens. Focusing on pneumococcus, as a highly polymorphic system, we examine functional symmetry
between its serotypes as an organizing center for dynamics of this microbial
community over large temporal and spatial scales. We formulate an SIS epidemiological model for single and co-colonization in young children, and discuss
the implications of asymmetric competitive interactions between serotypes. We
apply both the symmetric and asymmetric models to study the effects of vaccination with conjugate vaccines in Portugal. Using cross-sectional day care center data before and after PCV7 vaccination, we estimate vaccine efficacy against
carriage, transmission and competition parameters simultaneously. Model comparison confirms the utility of neutral theory in linking mechanistically pre- and
post- vaccine serotype dynamics. Overall, our study highlights the neutrally
stable manifold of multiple equilibria between serotypes, implied by the symmetry approximation, as a starting point for further quantitative exploration
of pneumococcus ecology.
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ABSTRACT
Given a simple undirected graph G = (V, E) with V = 1, . . . , n the set of nodes
and E ⊂ V 2 the set of edges, with edge weights cij ∈ R, for all (i, j) ∈ E, the
maximum edge-weight clique (MEWC) problem is to find a clique in G with
maximum weight, where the weight of the clique is defined by the sum of the
weights of its edges.
This problem is known to be NP-hard (see, [1]).
The MEWC problem has long been discussed in the literature, but mostly addressing complete graphs, with or without a cardinality constraint on the clique
(see, e.g. [5] and [3]). Yet, several real-world applications are defined on sparse
graphs, where the missing edges are due to some threshold process or because
they are not even supposed to be in the graph, at all. Such situations often arise
in cell’s metabolic networks, where the amount of metabolites shared among
reactions is an important issue to understand the cell’s prevalent elements.
We propose discussing new node-discretized formulations for the problem, which
are more compact than other models known from the literature. The new models resort to known characterizations of cliques, proposed for the unweight version of the problem (see, [4] and [2]). Additional valid constraints are also proposed in order to strengthen the linear programming relaxations of the models
discussed. The computational experiments conducted over a set of benchmark
and real-world instances showed that the models behave differently according
to the density of the underlying graphs. In fact, when embedded into branchand-bound, and in general terms, the known formulations are the best option
when the graph has density higher than 0.15 and its size has at most 300 nodes.
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However, when the graph becomes very sparse, with density below 0.1, then
the best strategies involve the new node-discretized formulations, being able
to solve instances with more than 6500 nodes. Besides other implicit enumerative methods described in the literature, it is worth saying that the
compact formulations proposed are very attractive to use within an integer
linear programming package. This can be particularly useful for researchers
from other areas that may which to find maximum weight cliques in their own
graphs. The practical relevancy of the problem is also motivated by pointing
some real world biological network applications. We also stress that these
models also suggest new ideas for formulating another known combinatorial
optimization problem: the maximum weight cliques partitioning problem in
G. We provide some observations concerning this connection.
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Dengue pathogenesis: the known and unknown
Scott B Halstead, MD1
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halsteads@erols.com

ABSTRACT
Many critical areas of research on dengue pathogenesis lie undisturbed or
under studied. It is important to understand at the cellular and molecular level
the disease processes that lead to the dengue vascular permeability syndrome
(DVPS). Achieving this understanding requires choice of the correct system of
inquiry.
Ten important areas of dengue pathogenesis will be presented emphasizing
the known and unknown: 1) There are twelve different pathogenic sequences of
dengue infection (e.g., DENV 1 aby/DENV 2 virus) exhibiting varying severities
of the DVPS. 2) Sequential JE then dengue infections result in mild antibody
dependent enhancement (ADE) of disease. 3) Very different antibodies from
a first dengue infection (secondary infection ADE) or multiple dengue infections (primary infections in infants) result in severe DVPS. 4) Dengue viruses
of enhanced macrophage fitness produce secondary dengue infection DVPS. 5)
Genetic changes in non-structural dengue proteins result in rapid increases in
severity of secondary dengue infections. 6) What is the mechanism(s) of thrombocytopenia? 7) What is the mechanism(s) of altered hemostasis? 8) What is
the mechanism(s) of activated complement? 9) What is the mechanism(s) of
increased vascular permeability? 10) Severe dengue ends with a bang, not a
whimper.
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A key research approach to understanding pathogenesis mechanisms lies
in interrogating the correct in vitro system primary human monocytes and
macrophages from genetically susceptible donors that are infected with immune complexes formed between wild-type dengue viruses and polyclonal
human dengue antibodies. Progress has been postponed for decades by the
antipathy to the use of this system. Late and terminal events in dengue
remain a mystery. Why does dengue end with a bang and not a whimper?
DVPS occurs regularly in infants during primary dengue infections signaling
the reality that accelerated or abnormal T cell responses are not responsible.
New and fresh insights are needed into the full spectrum of dengue pathogenesis and these backed up by new studies on the histopathogenesis of cases
with fatal outcomes.
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Human Megakaryopoiesis Ex-Vivo: Cell Population
Modeling Approach
Javad Hatami1 , Cláudia L. da Silva2 , Frederico Castelo Ferreira3 ,
and Adélia Sequeira 4

1,2,3 IBB-Institute
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ABSTRACT
Megakaryopoiesis is defined by production of mature megakaryocytes (Mks)
from hematopoietic stem cells (HSC). The production of platelet, which has an
important role in hemostasis and wound healing, from Mks is a complex process. An ex-vivo two-stage protocol including HSC expansion and Mk lineage
commitment of human umbilical cord blood cells (hUCB) were established 1 .
In the first stage, hUCB cells were expanded in co-culture with the bone marrow human mesenchymal stem cells using a cytokines cocktail pre-optimized
for HSC expansion. In the differentiation stage, a serum-free medium supplemented by a cytokines cocktail containing TPO and IL-3 were used. In order
to describe the phenotype of cells, a mathematical model was established based
on the kinetic of cell expansion and differentiation. Using cell population modeling, which computes the concentration of each subset during the time, can
provide significant insight into the limiting steps involved in the protocol and
how the interaction of different factors can affect the outcome of megakaryopoiesis process. A set of ordinary differentiation equation (ODE) were used,
based on the mass balance, to analyze the proliferation and differentiation of
HSC. These ODEs were solved and a general solution for each subset was fitted to the experimental result, using the least square method, to determine
the unknown coefficient factors for expansion, differentiation and death of each
subset.
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de Tunis, Tunisia. & Université de Tunis el Manar, ENIT-LAMSIN,
Tunis, Tunisia. amira.kebir@gmail.com
2 RUTGERS University, Department of Ecology, Evolution, and Natural
Resources, New Jersey, USA. & The Center for Discrete Mathematics and
Theoretical Computer Science, New Jersey, USA.
fefferman@aesop.rutgers.edu
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ABSTRACT
We investigate the existence and stability of sexual strategies (sequential hermaphrodite, successive hermaphrodite or gonochore) at a proximate level. To
accomplish this, we constructed and analyzed a general dynamical game model
structured by size and sex. Our main objective is to study how costs of
changing sex and of sexual competition should shape the sexual behavior of
a hermaphrodite.
We prove that, at the proximate level, size alone is insufficient to explain the
tendency for a pair of prospective copulants to elect the male sexual role by
virtue of the disparity in the energetic costs of eggs and sperm. In fact, we show
that the stability of sequential vs. simultaneous hermaphrodite depends on sex
change costs, while the stability of protandrous vs. protogynous strategies
depends on competition cost.
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ABSTRACT
Different modeling approaches and analysis techniques to study dynamics systems with slow/fast dynamics are considered. Interactions between processes
running at different time-scales occur often in life-sciences: metabolic pathways
in system biology, population biology, food webs, (vector borne) epidemics and
(adaptive dynamics) evolution. From the mathematical point of view the aim is
to reduce dimension of the system (aggregation methods) and to avoid so called
stiff systems which are numerically less tractable. The analysis techniques are
based on singular perturbation (boundary layers) and bifurcation theory (canards). A simple food chain consisting of prey and predator populations is
studied. These predator-prey systems are modelled using ordinary differential
equations, one for each trophic level. Two model formulations are studied. In
the classical Rosenzweig-MacArthur (RM) model in absence of the predator the
prey grows logistically. Consequently no nutrient, resource for the prey, is modelled explicitly. On de other hand in the mass balance (MB) chemostat model
this nutrient is explicitly modelled. Because this model is based on mass conservation laws, by perfect aggregation the dimension of the system can be reduced
by one. When the nutrient state variable is eliminated the resulting model is
again described by two odes just as the RM-model. In the literature it is often
assumed that the growth and loss rate of the predator is much smaller than that
of the prey resulting in a so called slow-fast or time diversified system. Then,
approximate aggregation can be performed, yielding further reduction of the
dimension of the system. In the RM-model formulation this assumption leads,
however, to the unrealistic assumption that the conversion efficiency needs to
be small while in the MB model not.
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ABSTRACT
We analyse the effects of the symmetry of a two-strain compartmental dengue
fever model. The model is an extension of the classical compartmental
susceptible–infected–recovered (SIR) model where the exchange between the
compartments is described by ordinary differential equations (ode’s). Twostrains of the virus exist so that a primary infection with one strain and secondary infection by the other strain can occur. There is life-long immunity to
the primary infection strain, temporary cross-immunity followed by life-long immunity to the other strain after the secondary infection. Susceptible individuals
can become infected with two different infection rates depending from whom
they are getting the infection (preliminarily or secondarily infected). In the
previously studied models [1, ?] the two stains are assumed to be identical with
respect to their epidemiological functioning: that is the epidemiological process
parameters of the two strains are equal. As a result the mathematical model
possesses a mathematical symmetry property. In this talk we study a variant
with epidemiological asymmetry between the two strains: the force of infection rates differ for both strains while all other epidemiological parameters are
equal [?]. Numerical bifurcation analysis and simulation techniques including
Lyapunov exponent calculation will be used to study the long-term dynamical
behaviour of the model. The basic reproduction number R0 threshold will be
related to the existence of a transcritical bifurcation. Parameter values used
are after [1] which are realistic for dengue fever. For the single-strain system
stable endemic equilibria exist and for the two-strain system endemic equilibria,
periodic solutions and also chaotic behaviour.
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Human population size and the risk of epidemics of
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ABSTRACT
We formulate a model for vector-borne diseases taking into account the vector population dynamics and modelling the interaction of vectors with human
hosts. We allow the vector bite-rate to depend on the total population numbers
of humans and vectors. The model departs from the strict frequency dependent models by assuming functional forms coming from host-parasite ecological
theory. We build a framework which allows us to compute R0 under several
assumptions.
We focus on the impact of host population size on disease invasibility and we
discuss situations where departures from frequency-dependent models should
be expected, as for instance, in forest fringe malaria.
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Relationships between the delayed chemostat and the
delayed logistic equation
Torsten.Lindström1
1 Linnaeus

University, Department of Mathematics, VÄXJÖ, SWEDEN
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ABSTRACT
The logistic equation is often considered as a simplification of the chemostat
(Kooi, Boer, Kooijman (1998)[2]). However, the global qualitative properties
of the delayed single species chemostat are completely known, see e. g. Smith
(2011)[3]. Such properties still remain open for the delayed logistic equation,
see e. g. Bánhelyi, Czendes, Kristin, and Neymaier (2014)[1] despite that such
problems have been announced a long time ago (Wright (1955)[4]). We may
therefore ask whether the logistic equation really is a simplification and what
information about the chemostat actually is contained. We discuss the links
between these equations and conclude that they are less clear in the delayed
case than they are in the non-delayed case.
Keywords: chemostat, Delay differential equation, global stability, Wright’s equation

.
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Generalist predator can control the spatial propagation of
an invasive prey.
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ABSTRACT
We investigate the following situation. A prey arrives in a new environment
wherein a natural local predator already lives. This predator is a generalist in
the sense that it does not need this particular prey to survive. We ask if this
generalist predator may eradicate the prey.
In a first part, we study the nonspatial prey-predator system by focussing on
the principal differences between a generalist predator and a specialist predator.
In a second part, we explain the necessity of adding a spatial structuration
which leads to a reaction-diffusion system. Using travelling waves methods, we
studies the possibilities of control or nocontrol of the prey by the predator.
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ABSTRACT
In literature there are studies on measles that reveals the importance of
mechanisms such as: seasonal forcing, stochastic amplification, external imports in disease free lands, when attempting to describe the dynamics observed
in available datasets. Our aim is to study the relative importance of these mechanisms considering a gridded distribution of human population. We perform
individual based simulations using the SIR epidemiological model. Individuals
are allowed to commute between different grid units and their mobility is described by the radiation model [1]. The simulation results show that varying
the level of mobility leads tu multiannual, annual or biennial dynamics.
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Multispecies estimation Using body scaling relationships
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ABSTRACT
The Dynamic Energy Budget (DEB) theory describes the organisms through
its processes such as feeding, growth, maturation and reproduction in the context of varying environmental conditions (food and/or temperature) [1]. Differences between species are reflected in differences in their parameter value
set. In this work we show the estimation of DEB parameters [2] is enhanced
by using intra-specific body scaling relationships that link the parameters of
different species. These scaling relationships allow for the estimation of the
parameter set of the target species even in the case when full data sets are not
available since in a multispecies procedure the data sets of every species used
will contribute to the estimation. We will present an example of multispecies
estimation with 3 species.
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Smart Solutions for prevention of Malaria and Dengue
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ABSTRACT
Smart Innovation is a company that produces nanoparticles. One of the major innovations of the Si technology is its possible application in different materials, products and industries, providing added value to the industries. This is
the core business of Smart Innovation. Amongst its innovative products, the Si
Repel Mosquito is the best preventive unique solution against extremely deadly
diseases such as Malaria, Dengue, Yellow Fever, Chikungunya and many others.
Altogether, these diseases kill more than 3 million people and infect more that
4 million every year, resulting into a global expenditure of $US 6 billion/year
[1]. When applied in various products such as textiles, paints and varnishes,
ceramics and others (such as Mosquito Nets and Curtains, artificial grass) this
product produces a repel effect which results into a maximum protection with
the highest proven efficacy rates. As a proven example, in textiles (clothing,
work clothes, school uniforms, socks and others): 91% (50 washes), 84% (80
washes) and 75% (100 washes); in paints and varnishes (Schools — Buildings
— Prisons — Barracks — Pool Decks — Houses — Garbage sites — stalls):
90% to 99% with a repellant effect up to 4 years. Amongst many other advantages, the following ones do stand out: high durability, easy application, safe
for human(*), nontoxic and biocompatible, ecofriendly, repellent (not insecticide); on top of these, the Si Repel Mosquito provides maximum benefits at
reduced costs and with a high efficiency. (*) Rigorous tests of skin sensibility
were carried out by Inovapotek, Pharmaceutical Research and Development.
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ABSTRACT
In general, the vaccination risks are over valorized regarding the vaccination
benefits. When vaccination is an option that can be adopted, we study people
decisions with respect to vaccination. The decision of an individual is influenced
by the morbidity risks from vaccination, but also by the morbidity risks from
infection and by the decisions of all other people. In this work, we make a game
theoretical analysis of people decisions and take a special emphasis on the effects
of vaccine scares and the effects of education programs. We introduce the ODE
for the dynamic evolution of an individual vaccination strategy and observe
that the stable equilibria of the ODE are the evolutionary stable strategies.
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edmassad@dim.fm.usp.br

ABSTRACT

In this work we present a brief review of the application of mathematical
models to the problem of how to improve the speed with which patients
with liver failure can receive a liver graft and how alternative criteria for
prioritizing patients in the waiting list can be proposed.
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ABSTRACT
Stochastic epidemiological models which can describe actual systems can
become very quickly quite complex. Approximation schemes are a useful tool
to understand the qualitative behaviour of such systems. We investigate the
semiclassical approximation of master equations of stochastic epidemiological
systems. In a test case of the previously in detail investigated linear infection
model we can solve the equations of motion of the semiclassical approximation
analytically. This helps to understand generalizations to more complex and
more realistic epidemiological systems as needed to describe realistic cases like
multi-strain systems applicable to dengue fever for example, in which complex
bifurcations up to deterministically chaotic attractors can be found in wide
parameter regions.
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food fluctuation effects on sex change in hermaphrodite
species
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ABSTRACT
One of the major evolutionary questions about sequential hermaphrodite is
to determine where the direction and the timing of sex change are viewed as
responses to demographic and environmental parameters[1].
To connect the sexual behavior of hermaphrodites to the environment parameters (e.g. food availability and population density) it is indispensable to couple
models at physiological and ecological scales.
In this work, we aim to investigate the food fluctuation effect on the optimal
individual sex change size and on population sex-ratio.
Our approach is based on the study of the sex-ratio and sex change size as emergent parameters from individuals behavior which is based on energy allocation
rules. We developed an agent based model coupling Dynamic Energy Budget
model [3] at individual scale and sexual allocation models at the population
scale [2], [4] and [5].
We designed experiments to determine the most relevant parameters and study
the effects of fluctuating food on the individual and population scales.
At constant food availability, both growth and maturation predicted by the
model fit well with field observations.
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ABSTRACT
Malaria, Dengue, Yellow Fever, Chikungunea and other mosquito-borne
diseases are responsible for a large number of patients and deaths throughout
the world, children and the elderly being the major groups at risk.
The NANO Series is a revolutionary, innovative technology designed by scientists. This line utilizes Insect Repellent technology in various products including wipes, textile spray, paints, fabric softener, paper etc. This is leading
edge technology and trendy applications are truly industry-changing. There is
a tremendous potential to apply Nanotechnology of Mosquito Repel in different materials and sectors. Nano particles are far more durable and efficient
compared to Microcapsules used earlier.
We can use this in the garments and its efficacy will stay for 100 washes. When
used in paints, its efficacy is for 4 years! And because it does not use any
insecticide, its completely harmless for humans. It is better to keep mosquitos
away at a safe distance instead of taking the task of killing each of them. The
products can be backed with a guarantee and laboratory certificates to generate
confidence with the end users.
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ABSTRACT
Many biological and ecological problems require monitoring and sampling of
‘alien’ population, where the information obtained as a result of monitoring is
then used for making decision about means of control. In biological applications,
data used for decision making are often sparse as a result of financial, labour,
and other restrictions. One example of a monitoring procedure based on sparse
data is given by a widespread and important problem of pest insect abundance
evaluation from the insect density in an agricultural field. Trapping is used
to collect samples of pest insect species, trap counts being converted into the
density values at trap locations. The number of traps usually is small and
measurements cannot be repeated with an increased number of traps to meet
accuracy requirements.
A standard deterministic approach to pest abundance evaluation is to consider
a simple estimate of the density integral. It will be shown in the talk that
this standard evaluation technique does not work when a coarse grid of traps
is used for monitoring. Integration of the density function on coarse grids
cannot provide the prescribed accuracy because of the insufficient information
(uncertainty) about the integrand. As a result of uncertainty in data, the
evaluation error becomes a random variable [?] and an alternative probabilistic
approach should be employed for pest abundance evaluation. The details of
implementation and accuracy of the probabilistic approach for arbitrary density
functions will be discussed in the talk.
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Models of patchy invasion: a mathematical toy or a new
paradigm?
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ABSTRACT
Biological invasion is a phenomenon of high practical importance because of the
significant damage that the invasive species bring to the biodiversity, agriculture
and environment, and it has been a focus of ecological research for several
decades. A well-developed theory based on diffusion-reaction equations predicts
the invasive species spread as a traveling population front separating the invaded
and non-invaded regions. However, it appears to be at odds with some field
observations. In some cases, the spread takes place through formation of a
distinct patchy spatial structure without any continuous boundary. I will reexamine the traditional diffusion-reaction framework to show that the patchy
spread is its inherent property in a certain parameter range in case the invasive
species is affected by predation or pathogens [1]. The predicted properties
of the patchy spread appear to be in a good agreement with available field
data [2]. I will then show that patchy spread is not an exclusive property of
the diffusion-reaction systems but can be observed as well in different types
of model. One of them is a coupled map lattice which is capable of taking
into account environmental heterogeneity [3]. Another relevant mathematical
framework is based on integral-difference equations, which takes into account
long-distance dispersal. I will then discuss how the presence of non-Brownian
movement modes may affect the properties of the patchy spread.
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Logistic age-structured population model in changing
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ABSTRACT
We present an age-structured logistic population model derived from the classical McKendrick-von Foerster model by including intra-species competition for
resources or overcrowding effects. These effects are incorporated in the model
through a logistic term in the balance equation. Under assumptions that the
vital rates and the carrying capacity are age and time-dependent, we prove that
the model has a unique nonnegative bounded solution. Moreover, we investigate
asymptotic behavior of the number of newborns and of the total population in
a changing environment. Our results show that if the net reproductive rate is
larger than one, the total number of newborns and the total population tend to
certain positive constant values. Otherwise, both functions tend to zero. In addition, we investigate asymptotic behavior of a solution under the assumption
that the vital rates are periodically changing and that the carrying capacity is
a constant.
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ABSTRACT
The need of planning fishery motivate the development of multi fishery models. Halieutic resources in Morocco are important enough to allow foreign fleet
to operate in its Exclusive Economic Area (EEA). Nevertheless it is necessary
to define terms and conditions of foreign fleet access to fishery, in order to avoid
to bankrupt domestic fleet which operate in the same fishery area. In a previous work N. Raissi [4] suggests a fishery model analyzed in the framework of
bilevel optimization theory. The result leads to collapse of less efficient fleet. In
order to avoid this undesirable situation we use differential game theory and an
adapted concept of Nash equilibrium. This analysis will guarantee to both fleet
to harvest and share the same resource. In [1] Colin Clark found the optimal
effort in the competitive case. He shows that the less efficient fleet has to quit
fishery and only the more efficient still harvest. He also determine Pareto front
in cooperative case. C.Mullon et P.Fron in [3] prove in discrete framework,
existence of Nash equilibrium corresponding to fishery model involving several
fishery areas as well as several fleets. L.Doyen and J.C.Perreau in [2] use both
viability approach and game theory in order to analyze the impact of bioeconomic constraints on resource dynamic. They show that some kind of stability
could be obtained only if the initial values of resource stocks are enough high.
Otherwise, for weak levels, the more efficient fleet forces the less efficient to leave
the fishery. In this present work, we identify a competitive Nash equilibrium
candidate assuring fleet cohabitation. We also proof optimality of trajectory
leading to equilibrium, using marginal analysis of Hamilton-Jacobi equation.
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spreading in heterogeneous metapopulations
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ABSTRACT
We investigate the impact of the migration on the spread of the epidemics.
The approach of complex networks can be suitable to deal with a set of local
populations pairwise-connected by migratory flows. We enhance our previous
works to a non-linear diffusion term and demographic turnover. We deal with
a mean-field type model as a system of ordinary differential equations which
combines (random, memoryless) the movement of individuals among patches
(nodes) with a local SIS-epidemics within each patch. The model includes a
density-dependent number of contacts, and also two density-dependent diffusion
rates in order to deal with demographic effects on the migration process, e.g.
the human mobility from rural areas to big cities to look for job opportunities,
or the other way round, from crowded areas to small villages to get rid of
stress. We determine the equilibrium driven by the migration process without
epidemics and quantify the percentage of urban population corresponding to
each migratory diffusion. Our analytical approach reveals that the optimal
migratory diffusion for controlling the epidemic spreading consists in strengthen
the emigration from urban areas to small villages. Moreover, depending on the
migration pattern, epidemic outbreaks not always occur in big cities as one may
expect, but it may happen only in mid-size towns or even only in the smallest
villages.
Keywords: nonlinear migratory diffusion; epidemic models; scale-free networks; basic
reproduction number
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ABSTRACT
Dengue fever is a vector-born disease that causes, every year, millions of
infections in the tropics and sub-tropics. Dengue is caused by an arbovirus
infection that requires a mosquito vector to be transmitted between people.
In this work we modelled dengue fever dynamics coupled with the dynamics
of mosquitos using two different epidemic models, i.e. the simpler SISU V
model and also in the more complicated SIRU V . Mosquitos and humans
have different life spans and the life cycle of mosquitos is much faster than the
humans’, so we separated the time-scales creating a fast and a slow dynamics.
After having the dynamics separated we applied the center manifold theorem
and we found that this manifold goes allong with the slow dynamics of the
model. In fact, the fast dynamics goes rapidly to the slow dynamics curve, so,
the faster dynamics, in this case is the mosquitos’, is influenced by the slower
dynamics, the humans’. With this we can conclude that it does not matter
how many mosquitos we have in the system, because, since we have some
mosquitos there, the human dynamics takes part.
Keywords: Dengue Fever, Epidemiological Models, time-scales separation, center manifold

.

c
°DSABNS

ISBN: 978-989-98750-1-2

49

Sixth Workshop Dynamical Systems Applied
to Biology and Natural Sciences DSABNS 2015
Lisbon, Portugal, February 4-6, 2015

Dengue in Madeira Island: past and future
Helena Sofia Rodrigues1,3 , M. Teresa T. Monteiro2 , and Delfim F.
M. Torres3
1 Business

School, Polytechnic Institute of Viana do Castelo
sofiarodrigues@esce.ipvc.pt
2 ALGORITMI, Algoritmi R&D Center, Department of Production and Systems,
University of Minho
tm@dps.uminho.pt
3 Center for Research and Development in Mathematics and Applications
(CIDMA), Department of Mathematics, University of Aveiro
delfim@ua.pt

ABSTRACT
In 2012, Madeira reported its first outbreak of dengue. During the following six
months, this outbreak caused more than 2000 local cases and 81 exported cases
to mainland Europe. Although Aedes aegypti, the mosquito-vector responsible for this particular outbreak, is extinct in mainland Europe, climatic and
globalization trends together with the presence of fully susceptible populations,
makes the possible introduction into mainland Europe of the mosquito, a major
public health concern [1].
Here, using a mathematical model described by a system of ordinary differential equations, we analyze Madeira’s dengue outbreak, focusing on the infected
individuals [2]. The simulations are carried out using distinct values for the
insecticide control and the values are compared with the real data available.
Then, some previews are done for the future, simulating what could happen if
two serotypes circulate in the island. The total number of susceptible individuals is still high in Madeira, and it is known that there is a good evidence that a
subsequent infection by another serotype increases the risk of developing severe
dengue.
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ABSTRACT
The rich spatio-temporal behavior of interacting, multi-agent systems is manifest in many diverse biological settings such as bacterial colonies, fish, birds,
locusts, ants, pedestrians, etc. and is being investigated very intensely. These
many-agent systems are capable of self-organizing into very complex, coherent
formations, even when the interactions are short-range and in the absence of a
leader agent. Here, we study the effects of communication time delays, agent
heterogeneity and stochasticity on the dynamics of a coupled system of many
self-propelling agents. Bifurcation analysis reveals a correspondence between
the different dynamical behaviors and the different regions of parameter space
where they exist. We derive the spatio-temporal scales of these swarm structures, and also demonstrate how the complicated interplay of coupling strength,
time delay, noise intensity, number of agents and choice of initial conditions can
affect the swarm dynamics. Finally, while the first order mean-field approximation is unable to capture pattern bistability and the appearance of hysteresis
when parameters are allowed to vary in time, we show that a higher order
mean-field approximation is able to describe these effects.
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ABSTRACT
As seen by the many new vaccination and treatment campaigns across the
world, disease control is of paramount importance in public health with eradication as the ultimate goal. Without intervention, disease extinction in a large
population would be what is known in the field of stochastic processes as a
rare event. In this talk, I will review some of the mathematical models and
machinery used to describe the underlying dynamics of rare events in finite
population disease models. I will show how to derive a new model that includes
a dynamical systems description of the most probable fluctuations of the noise
that drives the disease to extinction. Dynamical systems analysis of the new
model reveals how to best use disease controlling resources. Time permitting,
I will also discuss how such extinction processes and machinery can be applied
in stochastic disease transmission in networks.
This research has been supported by the Office of Naval Research.
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ABSTRACT
We looked at superdiffusion with the respect to distribution of the jumps
and analysed Fisher-Komogorow type equation [1]. Now we are going to look at
nonexponential waiting time for jumps, which leads to the space-time fractional
diffusion equation. We discuss some aspects of this approach for epidemiological
systems.
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ABSTRACT
We study the dynamics for a class of multi-group models for vector-borne diseases that can be obtained, in an appropriate limit, from more general metapopulation models that accounts for host circulation. In this model, the movement network topology gives rise to a contact network topology, corresponding
to a bipartite graph. Under the assumption that the contact network is strongly
connected, we can define a basic reproductive number R0 and show that this
system has at most two equilibria: the disease-free equilibrium (DFE) which
always exist, and a unique endemic equilibrium (EE) that exists if, and only
if, R0 > 1|. When R0 ≤ 1, the DFE is globally asymptotically stable (GAS),
while if R0 > 1 the EE is GAS. This is joint work with Abderrahman Iggidr
and Gauthier Sallet.

c DSABNS

ISBN: 978-989-98750-1-2

55

Sixth Workshop Dynamical Systems Applied
to Biology and Natural Sciences DSABNS 2015
Lisbon, Portugal, February 4-6, 2015

Chaos and noise in population biology:
descriptive and predictive models in epidemiology based on
empirical data
Nico Stollenwerk1

1 Mathematical

Biology Group, Centro de Matemática e Aplicações
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ABSTRACT
Based on some recent work [1, 2, 3, 4] new results on understanding complex dynamics of some epidemiological systems will be presented. Especially the
interplay between nonlinear structures and noise will be investigated, e.g. amplification of bifurcations by noise, transisitons between co-existing attractors
including deterministically chaotic attractors. Prime examples will be taken
from the epidemiology of dengue fever and influenza, where long empirical data
are available as e.g. via EU-projects EPIWORK and DENFREE. Recent advances in modelling and data analysis will be shown within a framework, which
is applicable to investigate many population biological systems. Some implications for description as well as for predictability in population biology will be
given.
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ABSTRACT
A common approach in epidemiological modelling is the use of dynamical equations of the SIR-type. These models assume that the effects of the infectious
disease occur on roughly the same time-scale as the infections that cause them.
The population size can therefore be assumed to be constant [1]. Smoking –
which is a highly ranked cause for mortality in Western countries – can be
perceived as an infectious disease, in which smoking individuals ‘infect’ nonsmoking ones [2]. Contrary to infectious diseases such as influenza the effects
of smoking, such as lung cancer and COPD, occur on a much larger time-scale
than at which the ‘infections’ occur. In order to quantify the effects of smoking we need to explicitly consider the fast growing human population size. We
therefore propose an eco-epidemiological model in which the population is divided into non-smoking individuals, smoking individuals, and former smoking
individuals who have quit [3]. Instead of using the classical law of mass action
the infection dynamics of smoking are now modelled by using the ‘frequencydependent’ or ‘density independent’ transmission [4, 5]. Under the assumption
of random mixing the non-smoking individuals make on average the same number of contacts regardless of host density, such that a ‘neighbourhood’ of any
target individual is considered. The state variables are expressed as densities.
The model is analyzed by bifurcation analysis using AUTO [6]. The model
displays parameter regions with bistability. I.e., depending on parameter settings attempts to eradicate smoking behaviour in the population may be futile,
successful, or depending on initial conditions.
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ABSTRACT

In this talk we present a fairly recent idea on the behavior of gathering populations and their interactions with other populations, [1]. Basically, the
model, formulated just as a system of ordinary differential equations, accounts for space by observing that in herds it is mainly the individuals on
the outskirt that deal mostly with the neighboring environment. They represent not just a fraction of the population, but their size is proportional to the
length of the perimeter of the herd, and therefore related to the square root
of the total population density. The consequences of the model assumptions
are discussed. An application to the case of biological invasions is investigated. Specifically, we consider the interplay of the two species of hares now
living in northern Italy, namely the alien European hare, Lepus europaeus
(Pallas, 1778) and the indigenous mountain hare, Lepus timidus (Linnaeus,
1758).
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ABSTRACT
The basic reproduction number is a key parameter in mathematical modelling
of transmissible diseases. From the stability analysis of the disease free equilibrium, by applying Routh-Hurwitz criteria, a threshold is obtained, which is
called the basic reproduction number. However, the application of spectral radius theory on the next generation matrix provides a different expression for
the basic reproduction number, that is, the square root of the previously found
formula. If the spectral radius of the next generation matrix is defined as the
geometric mean of partial reproduction numbers, however the product of these
partial numbers is the basic reproduction number, then both methods provide
the same expression [1].
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ABSTRACT
Population controls constituted by a series of intervention and decision strategies
are important issues in management of harvesting population and have influences
for population dynamics. Grouped-populations, such as age-structured population,
would be more logical in population modeling, and have been being a significant field
in the study of population biology. This work was started with new vector variables
defined as

1. Distribution vector of grouped population x(t)=(x1(t), x2(t), … , xk(t)), where
xi(t) is the population size of ith group, N( t ) = ∑ ik= 1x i( t ) is total amount of the
population, and proportional distribution vector of grouped population

p( t ) = (p ( t ), p (t),...p ( t )) where p ( t ) = x ( t ) N( t ) . It is clear that (1) p ( t ) ≥ 0, (2)
1
2
k
i
i
i
∑ ik= 1p i ( t ) = 1. p(t) was so called population structure.
2. Semi-transition matrix Q=(pij)k×k where p ij is the proportion of individuals
(occupied in ith group ) shifting from ith group to jth group.

3. Proportional vector of emigration e= (e1, e2, … ,ek), where ei is the
proportion (occupied in ith group) of population emigrated from or died in ith group
in every stage. Total population emigrated from or died in the opening system at t
stage is W ( t ) =

∑

k
i =1 i

e x i ( t ) = x ( t )e T .

4. Proportional vector of immigration r=(r1, r2, …,rk), where ri is the proportion

© DSABNS

ISBN: 978-989-98750-1-2

62

(occupied in total immigration) of individuals immigrating into ith group in every
stage. riR(t) is the number of individuals immigrating into ith group at t stage,
where R(t) is the total number of immigration of individuals at t stage.
Employing matrix model and Markov Chain theory, dynamics of grouped-population
in opening ecosystem with large temper-spatial scales and migration of individuals
were described by model

x(t+1)=x(t)(Q+ eTr) + M(t)r
where M(t)=N(t+1)–N(t). Stability of population dynamics, under a series of
decision of management, was discussed. The condition of the existence of steady
structure of population in an opening ecosystem with the immigration and emigration
of individuals was obtained. The expression and the range of steady population
structure are given. Convergence of dynamics of population to a steady population
structure under a series of controls was proved.
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