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Resumen

There are many elements which combine to make Colombian coffee a unique product.
Firstly, coffee farmers manually harvest only ripe coffee cherries, which requires great
effort, due to the topography of the Colombian Andes. Secondly, farmers carry out
post-harvest processes, which entail the elimination defective grains, pulping, washing,
and drying. Later, the coffee is threshed, in order to obtain parchment coffee, the raw
roasting material. Coffee production is affected drastically by the Coffee Berry Borer
−CBB− (Hypothenemus hampei), the most widespread coffee pest worldwide. The
CBB is a beetle that begins its destruction when a mature female bores into a coffee
bean, through the navel and into the endosperm, where it makes galleries to deposit its
eggs. These later hatch, and give rise to two immature stages: larvae and pupae [43].

The CBB causes different types of damage to the product, which are caused by:
(i) mature and immature insect boring and feeding habits, which cause a reduction in
yield and final product quality, (ii) physical damage, which causes bored beans to beco-
me vulnerable to infection and further pest attacks, which causes unfavorable changes
to beverage quality [9]. Specifically, Montoya’s [41] investigation strove to define what
infestation percentages and what levels of damage caused by the CBB, permitted the
obtention of a coffee drink of acceptable quality. Said publication supports the hypot-
hesis that the greater the damage, the greater the deterioration of beverage quality. In
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general, it is assumed that damage produced by the CBB directly impact coffee quality,
thus creating various coffee types, which are classified depending on the proportion of
bored grains that pass to production.

As a result of this situation, significant efforts have been made to identify the best
CBB control strategies. Biological control is carried out via different types of interac-
tion, mainly parasitism and predation. In the first case, wasps are highlighted (many of
them artificially introduced to America), mainly Cephalonomia stephanoderis and Pro-
rops nasuta, but also Phymastichus coffea and Cephalonomia hyalinipennis, in smaller
proportions [45]. In the second case, very interesting dynamics may occur, as predation
occurs with coleoptera Leptophloeus and Cathartus quadricollis [30], or with lizards of
the Anolis [40] genus. Effective predators for CBB control include ants that, depending
on the species, can consume CBB in either mature or immature stages [42]. Another type
of biological control is created with entomopathogens, in particular Beauveria bassiana,
a fungus widely used throughout the world, in attempts to control CBB populations,
and which attain mortality levels of up to 84 % in field conditions. However, it has di-
sadvantages, such as the slow infection process, which allows mature CBB to live long
enough to bore into coffee beans, not to mention high production costs [34]. In chemical
control methods, a series of insecticides are used to kill insects in mature states. It has
been demonstrated, through fieldwork, that insecticides have little or no effect on insects
in immature stages, as they are inside the bean and the chemicals thus cannot penetrate
them [43]. In addition, cultural control refers to agricultural practices (the safest of all
possible strategies) which consist of the frequent collection of mature, overripe, and dry
grains (black grains no longer useful), in order to prevent mature CBBs from finding
refuge, and therefore preventing their reproduction [3, 43]. Institutions which support
coffee production in Colombia, such as the National Federation of Coffee Growers of
Colombia (FNC, in Spanish), recommend a combination of the three strategies, known
as the Integrated CBB Control [8, 43].

The final coffee consumer, exercises a selection process to determine which products
are finally established, and which disappear definitively. Further, an opposing force is
exerted from point of view of special coffee production and commercialization, defined
by the FNC as those valued by consumers for their consistent, verifiable, and sustaina-
ble attributes, for which they are willing to pay higher prices, which results in higher
producer income and welfare. Said special coffees are obtained through (i) the develop-
ment of new equipment and new forms of preparation, which guarantee better beverage
quality, (ii) the association of coffee production with concepts such as sustainability,
(iii) caring for the environment, (iv) social responsibility, and (v) economic equity.

In this sense, it is important to study a mathematical model to comprehend the way
in which innovations that seek to improve coffee quality are feedback, and how they
impact the production of standard and special coffees, when CBB damage is conside-
red a cause of quality differentiation. A study of these characteristics should be able
to determine the conditions under which an innovative product, such as special coffee,
characterized by some quality attribute that differentiates it from standard coffee, can
invade the market and either replace it or coexist. In particular, conditions for coexisten-
ce open up the possibility for diversification (the origin of diversity). In the long term,
it is also important to determine those CBB control strategies that cause the emergence
of market niches for different coffee qualities, and which are favored or disfavored. These
kinds of questions are addressed by evolutionary modeling approaches, and particularly
by the Adaptive Dynamics (AD) framework [24, 26, 32, 33].

The AD is a theoretical modeling framework which originated in evolutionary bio-
logy, and describes the long-term evolution of quantitative traits (i.e. continuous at-
tributes determined by the cumulative contributions of many genes). The key feature
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of AD is to explicitly consider the feedback loop that tightly binds demographic and
evolutionary change. Demography selects the traits for who wins the competition, and
evolution proceeds with sequences of winning innovations, that in turn reshape the com-
petition. By focusing on rare and incremental innovations, AD describes the evolution
of the agents’ traits (or strategies), in terms of ordinary differential equations, thus
characterizing evolutionary equilibria as well as transients and non-stationary regimes
[10, 18, 20, 25, 27]. Most importantly, AD endogenously integrates the changing sys-
tem’s diversity, as the number of coexisting strategies increases when innovative and
resident agents coexist and further differentiate, and is pruned when evolution drives
outcompeted agents to extinction [15, 28, 32, 33].

Since the initial publication which introduced AD, a wide range of applications
and theoretical developments have been published, especially technological innovations:
[16, 22, 46], social interactions: [37], mutualistic interactions: [12, 26, 28, 29], compe-
tition: [17, 28, 35], predator-prey dynamics [1, 2, 10, 20, 25, 26, 38, 39], evolution of
dispersal: [7, 21, 44] dynamics in allele space: [6, 36], caniballistic interactions: [11, 23],
and food chains: [25], among many others. In addition, detailed theoretical mathemati-
cal developments may be found in documents such as: [4, 5, 13, 14, 19, 24, 26, 31, 32, 33].
However, to the knowledge of the authors of the present document, no applications ha-
ve been made to address an agroindustrial phenomenon, such as coffee production, as
linked to ecological and market competition diversification dynamics.

In the present work, a mathematical model is formulated to describe coffee produc-
tion and harvesting on a coffee plantation. Mature and immature CBB populations are
considered to reflect the damage caused by their reproduction and feeding habits, and
their impact on coffee quality. Harvested coffee is divided into two well defined catego-
ries, namely, standard and special coffee, in function of quality, by assuming that bored
grains can partially proceed to coffee production. The model is studied from the pers-
pective of AD, and involves three stages: (i) the formulation of a deterministic model,
based on differential equations, with quality as a differentiating attribute for the types
of coffee in competition, (ii) the study of model behavior, from the perspective of AD,
to establish the conditions under which the competition between standard and special
coffee results in invasion, coexistence, substitution, or extinction of said products, (iii)
the establishment of conditions for the existence of branching points in the adaptive
dynamics of the quality attributes that differentiate the competing coffee types.
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[42] Jonathan R Morris and Ivette Perfecto. Testing the potential for ant predation of im-
mature coffee berry borer (hypothenemus hampei) life stages. Agriculture, Ecosystems
& Environment, 233:224–228, 2016.

[43] Alex Enrique Bustillo Pardey. Una revisión sobre la broca del café, hypothenemus
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