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Editorial on the Research Topic

Mathematical Modeling and Complex Systems in Agroecology

The ecologist, mathematician, and activist Richard Levins once said that modeling and simulating
from a complex systems perspective had made important advances at integrating different
interacting factors, and illustrated this with an example in functionalmedicine. However, he argued,
following on his example around the human body, these modeling efforts often stopped at the
skin, as they tended to neglect the socioeconomic and political relationships that largely determine
human health and disease (Levins, 2015). A nuanced understanding of diverse socio-ecological
processes associated with agroecosystems has certainly been enhanced by theoretical and modeling
approaches, including seminal work on competition within polycultures, autonomous pest-control,
population and meta-population dynamics, network analyses and peasant balances, among other
topics (e.g., Levins, 1969; Stenseth, 1977; Garcia-Barrios, 2003; Perfecto and Vandermeer, 2010;
García-Barrios et al., 2011; Woodward and Bohan, 2013; Vandermeer and Perfecto, 2017; McCune
et al., 2021). However, we would agree with Levins that, also in this field, it remains a major
challenge for complex systems sciences to go beyond the skin.

We believe that developments in the field of mathematical modeling and complex systems
should not only continue to integrate diverse interacting variables and scales, but also contribute
to the construction of tools for thought (Waddington, 1977). These tools could represent a sort
of enriched common sense that allows the study, design, and transformation of agroecosystems
from the plot, to the landscapes, to whole agri-food systems. They would allow practitioners in
Agroecology, scientists, organized peasants, local promoters, technicians, and others, to be able
to recognize the signatures of complexity (Vandermeer and Perfecto, 2017), to distrust magic
bullets and to be prepared for abrupt qualitative changes, uncertain or unpredictable phenomena,
spontaneous formation of spatial and temporal patterns and properties, and non-linear causation.
Such enriched common sense may thus not only enhance Agroecology as a science, but also as a
social movement that pursues peasant rights in a changing world (Wezel et al., 2009; UNDROP,
2018).

The Research Topic Mathematical Modeling and Complex Systems in Agroecology contributes
with conceptual and technical tools to advance these challenges. On the one hand, it gathers a
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collection of articles that put forward case-studies, models,
methods, and approaches that illustrate the potential of
mathematical modeling and complex systems in Agroecology,
also providing new tools: conceptual, technical and, overall, for
thought. On the other hand, this collection also includes
articles that, from a complex systems and modeling
perspective, also aim at integrating or informing specific
sociopolitical issues.

Vandermeer opens this Research Topic with a profound
theoretical piece in which he draws from two core themes
in Complexity Sciences, namely, spatial pattern formation by
reaction diffusion mechanisms (Turing, 1952) and chaos as
applied to understanding local decision-making by peasants
(Simon, 1957). This synthesis, in which Vandermeer rigorously
incorporates the sociopolitical issues surrounding peasant
agriculture, puts forward a qualitative approach that may
constitute a theoretical foundation for understanding the ecology
of peasant Agroecology. Also on the basis of core concepts
in Complexity, Ong and Liao make a timely contribution
highlighting the importance of theory for understanding and
fostering agroecological transitions. Departing from a literature
review on transitions that identifies the main social and
political factors that have driven food systems into their
current crisis, the authors propose to approach production
syndromes using critical transition theory. Considering peasant
and capitalist production systems as stable state alternatives,
Ong and Liao show how their proposed framework can identify
factors, mainly social and political, allowing or impeding
transitions between production syndromes. Such an approach
can thus guide efforts and policy fostering agroecological
transitions and ultimately agroecological scaling. Along the
lines of approaching agroecological transitions through the
lens of critical transition theory, Griffon et al. provide an
interesting application of this framework in combination
with dynamical systems equations and network analysis. The
authors examine the conuco, a millenary traditional farming
system that is characterized by high levels of agrobiodiversity
and multiple interactions between its components. Building
a network of ecological interactions based on scientific and
traditional knowledge, the authors compare the network of
the conuco with that of corn monocultures. Their theoretical
experiments show forcefully that the density of ecological
interactions is key for the persistence of the species in the
system, a crucial result that highlights the importance of fostering
ecological interactions across agrobiodiversity elements in
agroecological systems.

As shown by several of the papers within this Research Topic,
one of the main tools developed around complexity sciences
are networks, which can be fruitfully studied both as static
or dynamic entities. Arroyo-Lambaer et al. use well-established
network metrics in order to analyze and compare cognitive
maps regarding the degradation of agricultural soils across
different social sectors in Mexico. Their study includes small
farmers, large agricultural producers, members of civil society
organizations, and government officials, and highlights common
and potentially conflicting aspects among them. But besides
developing on previous methods for cognitive-map analysis, this

study aims to feedback small-farmers’ knowledge of the soil
systems, as well as to inform the design of agricultural policies
in order to address the longstanding debt toward peasants
and agricultural communities that have been left out from
the design of agricultural policies and programs in Mexico
(CEMDA, 2020). In another contribution, García-Jácome et al.
creatively articulate dynamic Boolean networks and agent-based
models in order to integrate two decades of socio-ecological
research into a model. This approach allows the authors to test
different scenarios of community resource management within
a protected area in the Yucatan Peninsula, in Mexico. Their
results suggest that peasant multiple resource use strategies,
including traditional milpa cultivation, are fully compatible
with biodiversity conservation within the site. Importantly,
milpa cultivation as it used to be practiced in this site has
been forbidden de facto due to conservation considerations.
This paper thus provides a concrete basis to review such
regulations, which along with the sharp tendency toward
tourism-oriented specialization, jeopardize food security in
the region.

Identifying the complex patterns and processes driving food
security could lead to very much needed variables that easily
and reliably assess different aspects of food security status. On
this line, Barba-Escoto et al. set up to develop a predictive
modeling tool of food security, through the use of machine
learning techniques. By doing so, the authors identified key
factors and interactions associated with food security, which in
turn explained a large percentage of the variability documented
from an impressive family-oriented survey in Guatemala.
Moreover, the authors were able to detect highly non-linear
interactions between land availability and other factors driving
food security. Revealing such often counterintuitive patterns
may certainly contribute to enriching our common sense
around food security and inform communitary or governmental
decisions aiming to improve food security in the region. On
a similar line, Doi et al. evaluated the accuracy of a crop
yield prediction system, which integrates a climate prediction
and a crop growth model. As a result, the authors found
that this prediction system works relatively well for wheat
data and points to strategies to improve the system for other
crops and for diverse climatic conditions. The authors argue
for the use of this type of system in order to provide useful
information to large stakeholders, like agribusiness companies
and governments. It would be necessary, however, to further
reflect on the potential use or impact of such predictive tools
in relation to the peasant farmers and organizations that
have pushed Agroecology not only as a science, but also as
a social movement (Wezel et al., 2009; Giraldo and Rosset,
2018).

Overall, this Research Topic gathers contributions from
scientists working on integrative approaches that consider
the complexity of agroecosystems, be it through the use of
mathematical and computational models or through other
conceptual and methodological resources of Complexity
Sciences and modern Ecology. It shows the great potential
of modeling in: (i) integrating very diverse ecological, social,
political factors in a formal framework, (ii) generating general
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understandings of food systems beyond case studies, and
(iii) guiding efforts to accelerate agroecological transitions
around the world. It indeed provides a panoramic view of the
possibilities and perspectives of the research being carried out
in these directions, offering approaches that might become
instrumental in the generation of a common sense that is
congruent with the complex nature of agroecosystems, and
that might help complex systems approaches go well-beyond
the skin.
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