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PREFACE
Modelling in Ecology, Epidemiology and Evolution
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Abstract. In the preface, we present a short overview of the papers included in the issue of
Mathematical Modelling of Natural Phenomena ‘Modelling in Ecology, Epidemiology and Evolution’.
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Mathematical Modelling in Ecology, Epidemiology and Evolution is a rapidly growing area of research, which
takes advantage of recently developed mathematical and computational techniques as well as novel methods
of data analysis. Interestingly, some classical fundamental notions, which have been included into almost all
standard student textbooks on mathematical biology (e.g. population fitness, net reproductive number, role of
the shape of functional responses in stability of food webs, etc.), are currently being revisited. This special Issue
of the Journal is focused on few such topics. In particular, the contributions to the Issue address recent advances
in our understanding of the net reproduction function in structured populations, stability of tri-trophic food
webs, evolutionary fitness, models of co-infection in epidemiology and economic-demographic models. We should
stress, however, that most of the contributions here are not restricted to only one of the mentioned topics but
combine several of them, so it may be hard to assign a particular article to a single topic.

In his work [10], Farkas revisits the fundamental notion of the net reproduction function in population models
in the case the population is structured. Construction of a net reproduction function in physiologically and age-
structured populations is crucial for understanding stability of their stationary states [11–13]. The idea of [10]
consists in converting the initial non-linear structured population model into a family of linear ones, where each
linear model describes population dynamics in a constant environment. Mathematically, the theory is based on
the recently discovered link between the spectral bound of an unbounded operator and the spectral radius of a
corresponding bounded operator.

In their work, Zincenko et al. explore possible scenarios of the current growth of the human population across
continents which is coupled with dynamics of family wealth and immigration rates [25]. This approach is known
as economic-demographic modelling and it is currently increasing its popularity due to the need to explain and
predict the observed population decline in some parts of the World such as, for example, Western Europe. The
model is described by a system of two ODEs and it is an extension of the previous work by the same co-authors
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[22]. Zincenko et al. predict scenarios of a sharp population decline and deterioration of the economic situation
after some periods of intensive transient growth.

The importance of the shape of the functional response in ecological predator-prey models has been previously
emphasized [3, 6, 15]. For example, recent studies revealed the role of herd behaviour and collective defence of
animals in dynamics of predator-prey systems: animal aggregation of individuals in herds would reduce their
consumption by predators and this can be mathematically described via a square root functional response
[22]. In their article, Vilches et al. comprehensively explore a predator-prey model with a generic square root
functional response [21]. The authors show that the implementation of a square root functional response in the
model can result in the extinction of the population within finite time, which can be important for conservation
programs.

In their work, Namba et al. [18] address the role of intraguild predation in food webs, which has received
less attention in the literature as compared to the classical straight trophic chains [9]. This study considers a
tri-trophic ODE-based model and pays a particular attention to the stabilizing role of intra-specific competition
between the intermediate and the top predators in the case of a high growth rate of the first trophic level.
An important new result of [18] is that in ecosystems with high primary production (eutrophic systems), a
strong self-regulation within the population of the intraguild top predator would prevent extinction of the
intermediate intraguild predator. This can explain the reported mismatch between empirical observations and
theoretical results in ecosystems with intraguild predation [1].

Complicated resource-consumer interaction is considered in [8], where the authors model anaerobic digestion
in a microbial ecosystem of a chemostat type. The work explores the syntrophic type of interaction of two
microbial species with two substrates, i.e. when the first bacterial species releases a product which is in turn
consumed by the other species. This work is an extension of the previous study on the topic by including the
realistic assumption about the inhibition of first bacterial species by an excess of the second substrate. With
the help of the so-called operating diagrams, the authors list all possible regimes in the system and provide
conditions for stabilisation of the non-trivial coexistence equilibria. This study may have practical applications
in controlling the production of some biogases (e.g. methane) in industrial anaerobic digestion of bacteria.

In their study, Rodriguez-Rodriguez et al. [19] consider dynamics of structured populations of social insects.
Namely, they investigate the interplay between age polyethism, egg cannibalism and division of labour of insects.
As an important ecological case study, they explore the dynamics of fungus-gardening leaf-cutter ants which are
currently considered to be the greatest agricultural pest of the neotropics. In the paper, it is demonstrated that
the age polyethism would play a key role in persistence of the entire colony and that the intermediate strength
of cannibalism would be optimal for the survival of the whole population. The findings of the study can help to
improve biological control of leaf-cutter ants.

The notion of population fitness and its quantitative description have long been a matter of hot debates in
modelling of evolution and adaptation [4, 14, 17, 24]. In fact, the initial seminal idea of Wright [24] was to
consider each evolutionary process as hill climbing on an adaptive landscape to maximise local fitness. However,
this paradigm has been criticized on various backgrounds due to mismatch with both theory and more advanced
models. In their work, Bratus et al. [5] try to revisit the original idea of Wright to define generic cases in which
adaptive landscape metaphor still holds. They also show that even if fitness is not maximised during evolution,
the overall structure of adaptive landscape would still determine the evolutionary dynamics. Mathematically,
the study is based on the replicator equation framework.

Finally, the epidemiological part of this special Issue is the study of Marvá [16], which models coinfection of
the same organism by two different types of infections: a primary disease and an opportunistic one. This infection
scenario is frequently observed in nature. For example, it was reported by the World Health Organization that in
the presence of HIV, the rate of developing tuberculosis is much higher than in the case of a healthy individual
[23]. In their modelling study, the authors consider the scenario where the opportunistic disease acts on a faster
time scale as compared to the primary disease. The basic reproduction numbers in the study are analytically
obtained for various scenarios (e.g. for a constant recovery rate and in the case of medical treatment of patients),
which overall can be helpful for eventual disease eradication.
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