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Abstract:

The Anthropocene presents humanity with an unprecedented paradox: while we have
achieved extraordinary advancements in technology, culture, and knowledge, we have
also unleashed environmental crises that threaten the very foundations of life on Earth.
Climate change, biodiversity loss, resource depletion, and ecological instability are not
isolated phenomena; they are deeply interconnected challenges that demand
a reimagining of humanity’s role within the natural world. This thesis argues that
addressing these crises requires an interdisciplinary paradigm shift, one that bridges
scientific understanding with the ethical, cultural, and historical insights of
the Environmental Humanities. Through a wide-ranging exploration of gardens, cultural
landscapes, entomophagy, ancient water management systems, sustainable tourism, and
entomological collections, this research examines how past knowledge, and humanistic
perspectives can inform contemporary strategies for sustainability and resilience. Historic
gardens, once symbols of artistic mastery and ecological balance, emerge as living
laboratories for environmental stewardship. Roman engineering feats, from aqueducts to
sustainable land use, offer enduring lessons on resource management. The cultural and
ecological significance of insects, often overlooked, highlights the necessity of rethinking
biodiversity conservation in an era of climate crisis. These case studies demonstrate
that sustainability is not only a matter of policy or technology but also a question of ethics,
aesthetics, and justice. By integrating insights from history, literature, philosophy, and
ecology, this thesis challenges anthropocentric narratives of domination and extraction,
advocating for a more reciprocal and responsible relationship with the planet. It argues
that a cultural transformation—one that embraces humility, care, and interdependence—
is essential for navigating the Anthropocene. Insects, gardens, and cultural landscapes are
not merely academic subjects; they are vital spaces where nature and humanity intersect,
offering pathways for community engagement, ecological awareness, and collective
responsibility. Ultimately, this thesis calls for placing the Environmental Humanities at
the center of sustainability discourse, recognizing that the crises of our time are not merely
technical, but existential. In the words of Aldo Leopold, “We abuse land because we
regard it as a commodity belonging to us. When we see land as a community to which we
belong, we may begin to use it with love and respect.” This research seeks to cultivate
that sense of belonging, proposing a vision of sustainability that honors the complexity,

beauty, and wisdom of the natural world—past, present, and future.






1.1 Context and Rationale

For much of history, humanity appeared to have found its place within the natural
order, adapting to the rhythms of the environment and carving out systems of coexistence
that, while imperfect, sustained life and culture. Over time, however, through ingenuity
and technological advancement, humans began to transform their surroundings, seeking
to create a world more conducive to their needs and aspirations. This relentless pursuit of
progress has destabilized the equilibrium that once defined humanity’s relationship with
the environment. The systems human beings have shaped to enhance their lives now often
produce unintended consequences, undermining the very conditions necessary for
flourishing [1]. Climate change, biodiversity loss, and resource depletion are not merely
technical failures but symptoms of a deeper alienation between humanity and the natural
order [2]. This alienation demands a reevaluation of humanity’s role within the ecological
web, replacing anthropocentric narratives of control with relational paradigms that
emphasize interdependence and reciprocity [3].

As the Anthropocene challenges humanity’s sense of centrality and purpose, the
Environmental Humanities emerge as a critical framework for addressing the complex
ethical, cultural, and philosophical dilemmas posed by this epoch. By drawing on
disciplines such as history, philosophy, literature, anthropology, natural and cultural
studies, Environmental Humanities interrogate the values, narratives, and worldviews that
have shaped humanity’s interactions with the natural world. This field uncovers the
historical roots of environmental crises, exposing the exploitative practices and
anthropocentric paradigms that have led to the ecological challenges we face today. As
Rob Nixon suggests in Slow Violence and the Environmentalism of the Poor [4],
environmental degradation often unfolds as “slow violence”, a gradual and dispersed
harm that is easily overlooked in dominant narratives of progress. By engaging with these
hidden dimensions of environmental harm, Environmental Humanities foster a deeper
awareness of ecological and social inequities, inspiring new ways of relating to the Earth.

In the contemporary discourse on sustainability and well-being, the integration of the
humanities stands out as a crucial yet often overlooked dimension. As the world grapples
with unprecedented environmental challenges, the need to harmonize human prosperity
with ecological sustainability becomes increasingly urgent. Traditionally, sustainability
has been framed within environmental and economic parameters, but this narrow
perspective fails to account for the ethical, cultural, and philosophical dimensions of the

crisis. The Environmental Humanities offer invaluable resources for navigating these



complexities, equipping us with the critical thinking and ethical reasoning necessary to
evaluate the impacts of human actions on the planet and future generations. Through this
interdisciplinary lens, we can explore the narratives, values, and beliefs that shape
environmental attitudes and behaviors, providing pathways toward more sustainable and

equitable solutions.

1.2 Research Objectives and Questions

The need to incorporate a humanistic perspective into sustainability discourse is
further underscored by the limitations of technocratic approaches. While technological
innovation and policy reform are vital, they often fail to address the underlying cultural
and ethical transformations required for meaningful change. Scholars such as Hans Jonas
[5] emphasize the necessity of cultivating a stewardship ethic, grounded in the recognition
of humanity’s capacity to impact future generations and the planet itself. Similarly, Aldo
Leopold’s concept of a “land ethic [6] calls for a cultural shift toward valuing ecosystems
not merely for their utility but for their intrinsic worth. These perspectives align with the
goals of Environmental Humanities, which prioritize relational and holistic approaches to
sustainability, challenging humanity to redefine progress in ways that honor both
ecological integrity and social equity.

This thesis identifies a critical gap in the existing academic literature at the
intersection of the humanities and environmental sustainability. While scientific and
economic approaches to sustainability are well-documented, the contributions of the
humanities remain underexplored. My research, conducted during this course of study,
was guided by the following questions:

1. How can the humanities contribute to a deeper understanding of sustainability and

well-being?

2. What role can ethical, cultural, and aesthetic considerations play in shaping

environmental policies and practices?
To address these questions, this thesis examines the integration of humanities
perspectives into the discourse on sustainability and well-being, with a particular focus
on environmental stewardship. By exploring theoretical frameworks and case studies —
such as historic gardens, cultural landscapes, and entomology — this research seeks to
bridge the gap between scientific and humanistic approaches. The objective is to propose
a holistic framework that embraces the complexity of human values, ethics, and aesthetics

in shaping sustainable futures.



By situating the humanities at the heart of discussions on sustainability, this thesis
argues that environmental stewardship requires not only technical expertise but also a
profound cultural and ethical reorientation. The Environmental Humanities provide the
tools to critically evaluate humanity’s evolving relationship with the natural world,
fostering an integrated approach to sustainability that respects the intricate web of life.
Ultimately, this research aims to contribute to the ongoing dialogue on the Anthropocene,

advocating for a more equitable and sustainable coexistence with the Earth.

1.3 Methodology and Interdisciplinary Framework

Addressing the complex environmental challenges of the Anthropocene demands
an interdisciplinary approach, one that bridges the humanities and sciences to offer a
holistic understanding of sustainability and well-being. This thesis adopts such a
framework, integrating qualitative and quantitative methodologies to explore the
intersections of cultural heritage, ecological sustainability, and human-environment
interactions. By combining insights from the Environmental Humanities with empirical
data from entomology and ecological studies, the research seeks to illuminate the ethical,
cultural, and ecological dimensions of environmental stewardship.

The humanities provide critical tools for examining how narratives, values, and
cultural practices have shaped humanity’s relationship with the natural world over time.
Historical texts, classical literature, and philosophical works are analyzed to uncover the
evolving ethical and aesthetic frameworks that inform our understanding of sustainability
and well-being. Cultural artifacts, such as art and historical representations of nature, are
also explored to trace how human values and beliefs about the environment have changed
across different eras and contexts. These qualitative insights are complemented by
scientific data from ecological and entomological studies, which contextualize the role of
biodiversity and ecosystem services in sustaining life on Earth. Entomological
collections, such as the Odoardo Pirazzoli Collection, are used as case studies to track
biodiversity changes over time, highlighting the tangible impacts of human activity on
ecological systems.

To ground this interdisciplinary inquiry in practical examples, the thesis employs
a case study approach. Historic gardens are examined as spaces where cultural and
ecological dimensions converge, providing living laboratories for understanding the
interplay between heritage and biodiversity. Similarly, ancient practices, such as Roman

water management systems and sustainable tourism principles from classical antiquity,
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are analyzed to uncover their relevance to contemporary sustainability efforts. These
examples are further enriched by comparative analysis, where historical practices are
contrasted with modern challenges, such as entomophagy’s role as both a historical
tradition and a potential solution to current food security issues.

By synthesizing insights from the humanities and sciences, the thesis moves
beyond disciplinary silos, offering a comprehensive perspective on sustainability. This
interdisciplinary approach not only bridges cultural, ecological, and scientific dimensions
but also highlights the need for ethical and aesthetic considerations in addressing
environmental challenges. While integrating these diverse perspectives presents
challenges, such as reconciling methodologies and aligning data from different contexts,
the benefits of this approach far outweigh its limitations. The integration of qualitative
and quantitative methods ensures a nuanced understanding of sustainability, emphasizing
the importance of cultural narratives, historical insights, and empirical evidence in
shaping a more equitable and sustainable future.

This methodology provides the foundation for exploring the central themes of the
thesis, positioning the humanities as indispensable in understanding and addressing the
multifaceted crises of the Anthropocene. By aligning historical and cultural perspectives
with ecological realities, the research demonstrates how interdisciplinary inquiry can
guide humanity toward a more thoughtful and sustainable relationship with the natural

world.
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1.6. Structure of the thesis

CHAPTER 1

Having established the critical role of the Environmental Humanities in reframing
sustainability and environmental stewardship, the first chapter now turns to one of the
most enduring and symbolic expressions of the human-nature relationship: gardens.
Throughout history, gardens have served as microcosms of humanity’s interaction with
the natural world, reflecting cultural values, aesthetic ideals, and philosophical beliefs.
They embody the duality of human ingenuity and ecological dependence, illustrating how
humans have shaped, curated, and, at times, sought harmony with their environments.
Historic and contemporary gardens offer a lens through which to explore the intersection
of cultural heritage, ecological stewardship, and human well-being. As spaces where art,
nature, and utility converge, they reveal evolving attitudes toward the natural world, from
the sacred groves of antiquity to the formal designs of Renaissance Europe and the
ecological gardens of the modern era. Importantly, gardens also serve as living
laboratories, where questions of sustainability, biodiversity, and community engagement
are actively negotiated. This chapter delves into the cultural and ecological significance
of gardens, presenting them as both artifacts of human creativity and dynamic
ecosystems. By examining their historical evolution and contemporary relevance, it seeks
to illuminate their role in fostering environmental awareness and cultural identity. In
doing so, this chapter aligns with the broader objective of this thesis: to highlight the

potential of the humanities to inspire holistic approaches to sustainability and well-being.

CHAPTER 2

While gardens have long symbolized humanity’s creative engagement with the natural
world, providing spaces for reflection, sustenance, and cultural expression, they are only
one part of a broader narrative about the relationship between human beings and their
environment. Another fascinating thread in this narrative is the role of insects in human
history - a subject that reveals both our dependence on and ambivalence toward nature.
Insects, often overlooked or even dismissed in Western cultural narratives, have been an
integral part of human diets across many societies throughout history. From their
symbolic representation in ancient texts to their practical use as a food source, insects
exemplify humanity’s ingenuity in utilizing natural resources. The practice

of entomophagy, or the consumption of insects, dates back millennia and remains a
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common and sustainable dietary practice in many parts of the world today. However, its
reception in Western societies has been shaped by cultural, historical, and social factors
that continue to influence attitudes toward insects as food.

The second chapter explores the historical trajectory of entomophagy, tracing its roots
in ancient diets, its decline in European societies, and its potential resurgence as a solution
to modern challenges of sustainability and food security. By examining the cultural
perceptions and ecological benefits of edible insects, this chapter underscores how a
practice rooted in the past offers valuable insights for addressing the pressing
environmental issues of the Anthropocene. In doing so, it builds on the themes of cultural
heritage and sustainability introduced in the previous chapters, further demonstrating the
importance of integrating historical and humanistic perspectives into contemporary

environmental discourse.

CHAPTER 3

The exploration of entomophagy highlights humanity’s adaptive use of natural resources,
emphasizing how cultural values and historical practices shape our interactions with the
environment. Just as the study of edible insects reveals the deep interplay between
ecology, sustainability, and cultural heritage, the concept of cultural landscapes offers
another powerful lens for understanding how human societies have historically shaped
and been shaped by their natural surroundings.

Among the most enduring influences on cultural landscapes is the legacy of the Roman
Empire. The Romans not only engineered monumental infrastructure but also cultivated
an ecological vision that integrated urban planning, agriculture, and water management
with their philosophical and cultural ideals. Their approach to landscape formation was
deeply intertwined with the construction of identity and power, leaving an imprint that
continues to resonate in contemporary Europe. This chapter examines the concept of
cultural landscapes, tracing its evolution from historical roots to modern interpretations.
It focuses on the transformative contributions of the Roman Empire, exploring how their
innovations in land use, architecture, and infrastructure shaped not only the physical
environment but also collective identities. By situating Roman landscapes within the
broader framework of sustainability and cultural heritage, the third chapter bridges
historical inquiry with the contemporary challenges of preserving and reinterpreting these

enduring legacies.
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CHAPTER 4

The study of cultural landscapes, particularly the legacy of the Roman Empire,
underscores humanity’s ability to shape its surroundings through a blend of ingenuity,
cultural vision, and environmental adaptation. Central to this legacy is the sophisticated
management of water -a resource that the Romans harnessed not only for survival but
also as a symbol of power, prosperity, and urban sophistication. From aqueducts to
cisterns, Roman water systems were engineering marvels that balanced utility with
aesthetic and social purposes, setting a precedent for sustainable resource use in urban
environments. As we confront the environmental challenges of the Anthropocene, the
integration of ancient wisdom into modern urban ecosystems has become increasingly
relevant. Water management, a cornerstone of urban resilience, remains vital for
addressing issues such as climate change, urbanization, and biodiversity loss. Green
spaces and water systems, when thoughtfully integrated, provide ecosystem services
essential for urban sustainability, including flood mitigation, temperature regulation, and
improved air quality. The fourth chapter explores the role of water and green spaces in
shaping resilient urban ecosystems in the Anthropocene. By examining the interplay
between historical practices and contemporary innovations, it highlights how ancient
water management systems -like those of the Romans- can inform modern strategies for
sustainability and urban planning. The chapter further addresses the importance of
building resilience through the integration of ecosystem services, green infrastructure,
and cultural heritage, bridging the past and present to create adaptive solutions for the

future.

CHAPTER 5

The integration of water management and green spaces in urban ecosystems highlights
the enduring relevance of ancient knowledge in addressing contemporary environmental
challenges. These historical practices, rooted in sustainability and resilience, offer
insights not only for urban planning but also for broader societal frameworks, including
the ways we engage with cultural heritage and tourism. Tourism, as a global phenomenon,
intersects with environmental stewardship, cultural preservation, and sustainable
development, making it a critical field for applying the principles of ancient wisdom. In
antiquity, travel was not merely a pursuit of leisure but a means of connecting with the
natural world, cultural traditions, and philosophical ideals. Greek and Roman

perspectives on travel emphasized values such as hospitality, stewardship, and
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moderation, reflecting a profound respect for the landscapes and societies encountered.
These principles resonate strongly with modern concepts of slow tourism and eco-
tourism, which advocate for mindful, sustainable, and culturally sensitive travel practices.
The fifth chapter explores how ancient wisdom, as reflected in classical literature and
cultural practices, can inform sustainable tourism models in the Anthropocene. By
examining the philosophical underpinnings of ancient travel and their applicability to
modern tourism policies, it highlights practical applications for fostering more
responsible and enriching travel experiences. Drawing on examples from classical
antiquity and modern adaptations, this chapter situates tourism as a dynamic platform for

integrating cultural heritage, environmental sustainability, and ethical stewardship.

CHAPTER 6

The exploration of ancient wisdom and sustainable tourism models underscores the
importance of reconnecting with cultural and ecological heritage to address contemporary
challenges. Just as ancient travel practices reflected humanity’s engagement with the
natural and cultural landscapes, scientific collections provide a tangible record of these
interactions, offering invaluable insights into biodiversity, environmental change, and
human history.

Entomological collections serve as vital archives of biodiversity, documenting species
diversity, distribution, and ecological shifts over time. These collections bridge the gap
between science and the humanities, revealing the interconnectedness of human culture
and the natural world. Figures such as Maria Sibylla Merian, entomologist and artist,
exemplify this intersection, combining artistic expression, scientific inquiry, and cultural
engagement to study insects and their ecosystems. The sixth chapter examines the role
of scientific collections in environmental change studies, focusing on their contributions
to conservation, policy, and interdisciplinary research. Through case studies such as
the Odoardo Pirazzoli Collection, it highlights the potential of entomological archives to
inform biodiversity preservation and address the ecological challenges of the
Anthropocene. Additionally, it explores how the cultural and literary representation of
insects -spanning ancient narratives to modern interpretations- shapes our understanding

of the natural world, fostering a deeper appreciation for its complexity and significance.
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CHAPTER 7

The exploration of scientific collections reveals the duality of hope and loss inherent in
humanity’s relationship with the natural world. These collections serve as archives of
biodiversity, preserving records of the intricate web of life that sustains ecosystems. Yet,
they also highlight the growing fragility of these systems, as species once abundant are
now endangered or extinct. Among the most striking contributors to this decline are
insects, whose populations are vital to ecosystem services yet are now in precipitous
decline due to the impacts of climate change, habitat destruction, and pollution.

The vital role of scientific collections, particularly entomological archives, as both
reservoirs of biodiversity and tools for understanding environmental change emerges
through examples such as the Odoardo Pirazzoli Collection and interdisciplinary
approaches like those of Maria Sibylla Merian, it is therefore clear that the study of insects
not only advances scientific knowledge but also enriches cultural and historical
perspectives. However, as outlined in the seven chapter, these collections do more than
preserve the past; they underscore the pressing need to confront the environmental

challenges of the present.

CHAPTER 8

Building on the foundation of the previous chapter, the eight chapter shifts the focus to
the escalating threats facing ecosystems, emphasizing the critical role of insects in
ecosystem services and the far-reaching impacts of climate change. This transition
underscores the urgency of not only safeguarding biodiversity but also addressing the
intertwined ecological and psychological dimensions of environmental decline.

The loss of insect populations, whether gradual or abrupt, exemplifies how climate
change exacerbates biodiversity loss, disrupting vital ecosystem services such as
pollination, decomposition, and food web stability. This decline is more than a scientific
or ecological crisis; it is also deeply psychological, fueling a growing phenomenon known
as eco-anxiety. Defined as the chronic fear of environmental catastrophe, eco-anxiety
arises as individuals grapple with the visible and symbolic unraveling of the natural
systems that sustain life (Panu, 2020). Insects, often referred to as the “little things that
run the world” (Wilson, 1987), embody this tension: their diminishing numbers serve as
both a warning signal of climate-induced ecological collapse and a poignant reminder of
humanity’s fragile relationship with nature. As rising temperatures and extreme weather

events accelerate insect population declines, feelings of helplessness and despair become
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magnified. The invisibility of insects in mainstream discourse only intensifies this
emotional toll, as their irreplaceable roles in maintaining ecosystem stability often go
unnoticed until their absence triggers cascading crises. Eco-anxiety, therefore, is not
merely a reaction to biodiversity loss but a direct psychological response to the existential
threats posed by climate change.

This last chapter, From Buzz to Bust, delves into the intersection of these crises, focusing
on the multifaceted impacts of climate change on insect populations and the cascading
effects on ecosystem sustainability. It also explores how eco-anxiety, rather than being
purely paralyzing, can catalyze action by fostering a deeper ecological awareness and a
collective sense of urgency. By examining innovative conservation strategies and
pathways for ecological recovery, this chapter aims to illuminate solutions that address
both the environmental and psychological challenges of the Anthropocene, offering a

vision of hope, resilience, and sustainability.

CHAPTER 9

The Anthropocene presents humanity with an unprecedented challenge: how to reconcile
progress with ecological balance. This thesis argues that addressing the crises of the
Anthropocene requires a paradigm shift—one that integrates scientific and technological
knowledge with the ethical, cultural, and historical insights of the humanities. By
examining ancient water systems, historic gardens, and entomological collections, this
research highlights how past practices can inform innovative strategies for sustainability,
while also emphasizing the need for reinterpretation in the context of globalization and
climate change. The study underscores the role of the humanities in reshaping dominant
narratives of progress, moving away from notions of control and exploitation toward an
ethic of care, reciprocity, and justice. Gardens and cultural landscapes emerge as spaces
where human and non-human life intersect, fostering collaboration, stewardship, and a
renewed sense of belonging to the natural world. Ultimately, this thesis calls for placing
the humanities at the heart of environmental discourse and practice. Chapter 9 further
develops this argument, demonstrating how interdisciplinary approaches can bridge the
gap between historical knowledge and contemporary environmental challenges. By
reimagining our relationship with the planet, we can craft a vision of sustainability that is

both equitable and resilient.
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2. CHAPTER 1. HISTORIC AND CONTEMPORARY GARDENS: A
HUMANISTIC APPROACH"

2.1 Defining Gardens as Cultural and Natural Heritage

Academic interest in the preservation, maintenance and restoration of historic
gardens started in the 1980s, when the Florence Charter officially identified historic
gardens as “living monuments” [1]. Over the last forty years, garden management
methodologies have evolved and become much more complex. According to the criteria
established by the Italian Charter for the Restoration of Historic Gardens, not only is a
historic garden a cultural asset and an architectural and environmental resource, but it
must also be considered as “the heritage of the entire community that benefits from it”.
Historic gardens located within an urban context contribute to enriching its complexity
and temporal diversity. They also represent essential nodes in the plots of open-space
systems and ecological networks and must therefore be considered effective components
of the landscape structures and fully integrated in the cultural and social dynamics of our
cities [2].

In this rapidly changing world, contact with nature, as well as infrastructures and
green areas, has become fundamental. This represents a true resource for sustainability
and the quality of city life. We are now aware of how much environmental change
threatens our lives and health, and we should, therefore, be equally concerned about
ecosystem services, which can be considered very important allies in the mitigation of
and adaptation to climate change [3]. Any natural space, whether large or small, has a
value and widely contributes to environmental well-being. Therefore, finding the right
balance between human-built environments and natural ones is currently a priority for
administrations. The need is to harmoniously align, with the right strategies, the urban
development process with nature to guarantee both human and environmental well-being.
Rethinking the urban development not only in terms of “asphalt” (which may result in
ecological and social deserts) but also through the wise management of greenery,
including the restoration and maintenance of parks and gardens, can guarantee a fair
access to green resources, social equity and a proper well-being [4].

Constant and continuous population growth combined with a rapid economic and
social development has made urbanization an inevitable process. Nevertheless, cities
must face, today more than ever, great challenges and develop resilience to embrace the

sustainability of urban sprawl [5]. Aiming to improve quality of life, promoting and
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protecting urban ecosystems with their related services allow for environmental
challenges to be addressed in a strategic way, with planning and competence, while
improving the well-being of the inhabitants at the same time [6].

Green areas, as a matter of fact, make us feel better in many ways. Nature is good
for our health, and numerous studies have shown that, in green areas, we feel less stressed,
it is possible to exercise more, positive social interactions are encouraged, and it is
possible to shape a better-quality environment thanks to the lower levels of air pollution.
While disconnection from nature causes chronic stress, a close connection with the
natural world can contribute to improvements of several aspects of health, namely
behavioral, psychological and physiological aspects, and even to the strengthening of the
immune system [7].

Among green areas, parks and gardens at the heart of large cities provide a link to
the natural world and emphasize an ecological rather than an anthropological vision of
the world. Our landscape is characterized by an extraordinary environmental variety but,
at the same time, it is strongly anthropized and marked by the great transformations that
have taken place over the last century which, in most cases, have certainly not improved
its appearance; on the contrary, they have contributed to making the landscape lose its
identity characteristics, directing its development towards ruthless homologation.
Promoting the culture of maintenance, restoration and prevention through the
combination of best practices and an integrated management model, simultaneously
aimed at tourism and at the sustainable development of the landscape at once, means
protecting the memory of our cultural heritage and offering valuable help to the
enhancement of historic parks and gardens [8]. This may also create a virtuous
combination of growth through the activation of local and human resources that also
enhance and raise awareness of the community. Therefore, it has become essential to be
able to pursue a balanced relationship between social needs, economic activities and
cultural and environmental components that are intended to be preserved [9].

Only by acting this way can we meet the needs imposed by contemporaneity and
create a lasting and quality relationship with the landscape to protect and exploit the
ecosystem services that parks and gardens offer. It is well-known, in fact, that urban parks
and gardens provide a wide range of ecosystem services, including cultural ones, referring
to a set of intangible benefits that people can take advantage of, such as, for example, the

aesthetic, recreational activities and the socio-cultural value.
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Gardens are a part of our culture; they open a window to the past and, once lost, it is
hard to rehabilitate or replace the original ones. There are many historic gardens that today
need maintenance, restoration and conservation, and general improvements in the skills
and knowledge of their keepers are also required. Preserving this link with an enormous
cultural heritage is as essential as earmarking useful funding for it. The delicate
maintenance that gardens require is of vital importance for them and their conservation,
since these places are resources that belong to the community and can generate income
[10]. Indeed, in recent years, the restoration of historic gardens has acquired an ever-
greater importance, because the gardens themselves are beginning to also be understood
by the public as a cultural and collective heritage, something precious and worthy of
preservation. In fact, historic gardens are being increasingly perceived as realities that
reflect a historical significance established over long periods of time. Restorations,
whether large or small, however, require extensive and in-depth historical research to
guarantee an authentic process. Preserving historic gardens, which means the guarantee
of their survival for future generations, therefore represents a great challenge, since
anthropogenic pressure and climate change have a huge impact.

Gardens, by their nature, grow, develop and change over time, and they constitute
an important part of our past, which is very easy to lose and rather difficult to regain. This
precise characteristic requires careful and continuous maintenance aimed at protecting
them. Highly specialized workers, who know how to identify management plans with full
awareness of and in harmony with the archetypes, can guarantee adequate interventions,
given that gardens growth and change are permanent within a constantly evolving
environment.

The significant challenge of climate change, whether it be a change in temperatures
or a decrease in rainfall, has disruptive effects on our gardens, for example, the
increasingly more common establishment of exotic, invasive pests mainly originating
from warm climates, including insects such as (in Italy) the red palm
weevil, Rhynchophorus  ferrugineus (Olivier) [11], the box tree moth, Cydalima
perspectalis (Walker) [12]and the brown marmorated stinkbug, Halyomorpha
halys (Stal), all originating from Asia [13]. When it comes to restoration, we must ask
ourselves how to intervene in order to preserve garden authenticity and, at the same time,
how to interpret everything as an opportunity, as resolving certain issues could have a

positive impact on the whole environment.
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Protecting historic gardens, precious echoes of our natural and cultural heritage, is
essential because they offer a range of socio-cultural, environmental and economic
benefits. Unlike in the past, when they were mainly appreciated for individual pleasure,
nowadays, they are perceived by society as a whole, and it is crucial for us to be able to
ensure their survival through constant, qualified and long-term management. At the same
time, the correct implementation and management of contemporary parks and gardens are
fundamental actions that can highly engage the population and raise awareness of
ecologically significant values, as modernity must support the enhancement of the
“landscape system”.

In this framework, the present paper aims to emphasize the importance of historic
and contemporary gardens and of the ecosystem services that they provide. These services
include air purification, climate regulation, biodiversity and pollination but also cultural
issues, such as aesthetic information, relaxation and stress reduction and the maintenance
of cultural heritage [14]. We mainly focus on these “cultural” ecosystem services which,
taken as a whole, may be defined as the benefits that people gain from their interactions
with different environments [15,16] (gardens and parks in our case). They can play a very
important role in urban policies aimed at improving the quality of life in cities,

particularly if access to their benefits is expanded to wider segments of the population.

2.2 Green Areas and Social Equity

Natural rights are also “historical rights”, as stated by Norberto Bobbio in his book “L 'Eta
dei Diritti” (“The Age of Rights”). They too, like positive law, are a product of history;
“And on this level, history”, added the great philosopher, “has a long time to go”.
Precisely, since rights have accompanied the development of history, their story has
evolved painfully for generations. Civil rights came first, then political rights and finally
social rights, until the flowering of a new generation, and rights have always been
connected (as Bobbio observed at the end of his essay) with the goods of life, freedom
and security [17]. Among the rights linked to the goods of life, he included “the right to
live in an unpolluted environment”, because the environment decides the quality of our
life, regulating the degree of the possible enjoyment of some essential goods. Among
these essential goods, we must certainly mention water and air, but the beauty and
harmony of nature and the ecological system in which we are immersed also participate

in this quality of life. All these intangible assets may not contribute to the formation of a
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traditionally perceived GDP, but they definitely have an impact on the degree of
happiness or well-being of people. The concept of “environmental justice”, also linked to
the possibility for everyone to take advantage of green spaces such as parks and gardens,
is itself revolutionary, because it indicates a new dividing line between social groups, a
line that it is not drawn by the power of monetary income or by the relationship with the
means of production but rather by unequal “environmental opportunities”. The dividing
line separates privileged people from disadvantaged people, whose drawbacks often go
beyond, in terms of sustainability, low wage levels and social precariousness: from air
that kills to thirst and from poisoned food to the “subtraction of creation”, be it the sea or
rivers, forests or arable land [18]. There is a question of environmental democracy that is
proposed with theoretical resolve, despite the progress made by the ecological movement.
This environmental democracy is proposed as a system of recognition entailing decision-
making procedures aimed at reducing the specific category of environmental inequalities:
it can be perceived as a new idea of democracy, reorganized around a new group of
questions and emergencies and within which, in fact, the idea of justice is reformulated.
Not only does environmental justice seek to identify the misdistribution of risks and
deficits in terms of environmental benefits, but it also helps communities to organize
based on these issues, reduce inequalities and promote positive legal and political changes
that address these inequalities and that help in improving living and health conditions
[19].

Green areas, such as parks and gardens, offer a wide range of benefits that help in
overcoming many urban problems and in improving the lives of city dwellers, with
particular emphasis on health and well-being. Unfortunately, however, green spaces
within cities are not always equally distributed, and access to green areas in the last two
decades has become a matter of “environmental justice”, since the awareness of its
importance for public health is now widely recognized. Therefore, among the planning
priorities and planning strategies, it has become essential to seek “environmental justice”
in order to transform marginal and little-used areas into green spaces, especially in places
where not only environmental problems but also social problems are greater. It is
precisely in these areas, in fact, that urban parks and gardens can act as places of social
interaction and increase the perception of safety and belonging. Recent studies have
highlighted the positive effects of the richness of species, i.e., a positive association
between greater biodiversity and psychological well-being [20]. Future planning should

thus consider how green spaces are distributed among the population and how the
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vegetation is distributed within the green space to prevent richer neighborhoods from
continuing to have greater coverage than low-income communities. Environmental
justice, therefore, plays a fundamental role in promoting sustainable communities, and
urban parks and gardens constitute a considerable portion of the physical environment,
having numerous implications for people. Being able to incorporate these implications
into the environmental justice paradigm will develop our culture, vision and hopefully
our practices.

Looking to the past, we realize how historically urban green spaces were born from the
need to create spaces for socializing. The creation of urban parks, as we know them today,
dates to the nineteenth century, with their aim being to improve living conditions in cities,
which became overpopulated due to the industrial revolution. Although it has changed
over time, the function of urban parks and public gardens has always been to improve the
lifestyle of citizens, and their maintenance is the task of the local authorities in charge of

promoting, preserving and maintaining them.

2.3 Conclusion: Evaluating the Role of Gardens in Enhancing Social and Cultural
Identity
The boom in the literature on ecosystem services shows an increase in the awareness of

natural factors, so far considered to be mere marginal issues. In this historical period,
ecosystem services are a decisive and central argument for sustainable land management.
In fact, they provide unique support for quality of life, inhabitants’ well-being and, at the
same time, economic development. It is equally important to understand how much
environmental transformations, such as climate change and the loss of biodiversity,
intersect with social inequalities. Environmental problems must be at the center of our
attention today if we do not want uncertainty to lead us to live with risks. Therefore,
promoting the culture of prevention and maintenance of urban parks and gardens, as well
as of our cultural heritage, by triggering positive synergies with local authorities, is the
correct and effective approach to offering protection. A combination of territorial and
human resources can certainly lead to the integrated good of society, which does not
impoverish the territory but rather constitutes a growth factor. Institutions and
communities must cooperate in projects with the aims of the responsible use, care and
sustainable transformation of the territory, orienting any intervention strategy towards
quality. In this framework, an approach that may also be followed is to include urban and

peri-urban agriculture [21] or urban gardening [22] in programs of green management as
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effective strategies to improve mental and physical health and to eventually create more

sustainable and resilient cities.

* An academic article derived from this chapter has been published in the Special Issue of the
international journal Land, emphasizing its relevance to current debates on nature restoration and
sustainability.

https://doi.org/10.3390/land11122214
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3.CHAPTER 2. EDIBLE INSECTS: ENTOMOPHAGY FROM ANTIQUITY
TO MODERN WESTERN SOCIETIES®

3.1 Insects in the Human Diet throughout History

The relationship between humans and animals has varied throughout history and
across different cultures. For centuries, humans have hunted animals for food or fur,
besides using them for transportation or labor. In addition, animals have been caged for
people’s pleasure or tamed to be exploited in various ways. In particular, the
domestication of animals such as cows, sheep, and horses enabled humans to establish
settled agricultural societies, thus playing a significant role in human history by providing
benefits in terms of food, transportation, farming, and companionship [1].

Insects were probably an important food source for early human populations, and the
evidence suggests that they were eaten as part of the human diet as early as prehistoric
times, although ancient insect consumption is not easy to prove due to poor preservation
[2,3]. The remains of insect integuments, wings, and other body parts have, however,
been found in the fossilized feces (coprolites) of ancient humans in caves in the USA and
Mexico [4]. Cave art, dating back tens of thousands of years, provides valuable insights
into the beliefs, practices, and daily life of prehistoric human societies. Although large,
hunted animals such as bison, mammoths, and deer are commonly depicted in cave
paintings, insects also appear in some of these works [5]. Bees, wasps, beetles, and other
flying insects are often depicted in hunting scenes, feeding on plants or entangled in webs.
The symbolism behind these insect depictions is not always clear, but they probably had
meaning for the artists and their communities [6]. Incidentally, the consumption of insects
likely played a crucial role in the diet of early humans due to their abundance and
nutritional value [7].

In south-western France, in the Magdalenian cave of Les Trois Freres (Upper Paleolithic,
dating from around 17,000—12,000 years ago [8]), there is a remarkable representation of
a ‘cave grasshopper’ engraved on an animal bone. The presence of this engraving has
been interpreted by some researchers as a possible link between insects and feeding
practices [9, 10].

It is important to recognize that the study of entomophagy by humans in Europe is an

evolving field, and ongoing research and new discoveries may shed more light on
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prehistoric insect consumption. Traditional insect consumption practices may have been
more common than archaeological evidence currently suggests [11].

More recently, many cultures around the world, including the Ancient Near East, have
been consuming insects as a regular part of their diet [ 12]. There are several references to
the consumption of insects in the Bible, particularly in the Old Testament. In Leviticus
11:20-23, for example, it is written that any winged insect that walks on “four” legs is
considered unclean, while other winged insects, such as locusts, crickets, and
grasshoppers are considered clean and can be eaten by the Israelites [13,14,15]:

“All flying insects that walk on all fours are to be regarded as unclean by you. There are,
however, some winged creatures that walk on all fours that you may eat: those that have
Jjointed legs for hopping on the ground. Of these you may eat any kind of locust, katydid,
cricket, or grasshopper. But all other winged creatures that have four legs you are to
regard as unclean”.

Since insects have six legs, it is not entirely clear why insects with “four” legs were
singled out as unclean while other winged insects were considered clean. One possibility
is that this classification was based on observable characteristics of insects that were
known to the ancient Israelites. Insects such as beetles (probably considered unclean)
have a different body structure and mode of movement compared to other insects, such
as grasshoppers or locusts, which have powerful hind legs and can jump. Another
possibility is that the classification of insects with “four” legs as unclean was based on
cultural or religious beliefs. In many ancient cultures, insects were associated with death,
decay, and impurity; therefore, they were considered unclean. This may have been the
case for the ancient Israelites as well. In the end, the reason for the inclusion of these
insects in the list of unclean animals is not entirely clear, as the text does not provide a
specific explanation. However, some scholars suggest that it may have been due to their
association with arid and dusty environments, which were considered unclean in ancient
Israelite culture [16].

In addition, in the New Testament, John the Baptist is described as having eaten locusts
and wild honey in the wilderness (Matthew 3:4): “Ipse autem Joannes habebat
vestimentum de pilis cameli, et zonam pelliciam circa lumbos ejus: esca autem ejus erat
locustae et mel silvestre” (= “John’s clothes were made of camel’s hair, and he had a
leather belt around his waist. His food was locusts and wild honey”) [17].

In ancient Greece, the consumption of insects was not widespread or prominent compared

to other food sources. The ancient Greeks primarily relied on a diet that consisted of
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grains, fruits, vegetables, legumes, fish, meat (mainly lamb and pork), and dairy products.
Insects were not a significant part of their culinary practices or cultural traditions [18].
However, it is worth noting that some historical sources mention the use of certain insects
as food and feed in ancient Greece, albeit to a limited extent. For example, the philosopher
and naturalist Aristotle wrote about using Cossus cossus (L.) caterpillars as bait for
fishing. He noted that the caterpillars were especially effective at attracting fish and were
commonly used by fishermen in his time. In Book V of “The History of Animals” [19],
Aristotle described the life cycle and habits of the Cossus caterpillar, which, according to
him, was commonly found in the Mediterranean region. He mentioned that Cossus
caterpillars were used by the ancient Greeks as a source of food, particularly by those
living in rural areas. Aristotle also noted that Cossus caterpillars were considered a
delicacy by some people, who would roast or boil them before eating them [20]. He
described their flavor as sweet and nutty, with a mushroom-like texture [21].

Insects were normally consumed in ancient Roman society and were considered a
delicacy, on one side, and food for poor people, on the other side [22]. Pliny the Elder, a
Roman author and naturalist who lived in the first century AD, wrote extensively about
the natural world and the use of plants and animals for food and medicine. In his writings,
he mentioned the consumption of insects by the ancient Romans, particularly during times
of food scarcity [23]. Pliny the Elder, in his book “Naturalis Historia”, noted that locusts
and grasshoppers were considered a delicacy and were often prepared by roasting or
frying. He also mentioned the consumption of beetles, ants, and caterpillars, and
described the use of ants in medicine for their supposed healing properties [24].

Pliny wrote about the Roman practice of eating beetle larvae, which were considered a
delicacy and were fattened up in special jars. He also described the consumption of
“Cossus”, possibly the larvae of C. cossus, which were considered a delicacy by the
Roman elite. Pliny noted that Cossus was consumed with great relish and was a very tasty
food. He noted that these insects were a food source for the poor but were also consumed
by wealthy people.

While Pliny recognized the nutritional value of insects and their potential as a food source,
he also noted that some insects (not described) could be harmful if consumed and warned
against eating certain species. Nevertheless, his writings demonstrate that the
consumption of insects was not uncommon in ancient Roman society.

Information about Cossus and other edible insects is given in Pliny (Book 17, Chapter

37).
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“Particular trees are attacked by worm in a greater or smaller degree, but nearly all are
liable, and birds detect worm-eaten wood by the hollow sound when they tap the bark.
Nowadays indeed even this has begun to be classed as a luxury, and especially large
wood-maggots found in oak-wood—the name for these is cosses—figure in the menu as a
special delicacy, and even these creatures are fed with flour to fatten them for the table.
The trees most liable to be worm-eaten are pears, apples, and figs; those that have a
bitter taste, and a scent are less liable. Of the larvae found in fig-trees some breed in the
trees themselves, but others are produced by the insect called in Greek the horned insect;
all of them, however, assume the shape of that insect, and emit a little buzzing sound.
Also, the service-tree is infected with red, hairy caterpillars, which eventually kill it; and
the medlar as well is liable to the same disease when it grows old” [25].

Then, Pliny (in Book 29, Chapter 16) describes how the taste for luxury led to the
consumption of various exotic foods, including large worms found in the roots of trees.
The Latin text of the passage is: “lam quidem et hoc in luxuria esse coepit,
praegrandesque roborum vermes, ut iam non solo silvarum latebras, sed etiam urbes
petantur, et pretiosus quidquid non gustaveris” [=“Now indeed even this has begun to be
regarded as luxury, and huge worms found in the roots of trees are sought not only in the
depths of forests but even in the cities, and anything you have not tasted becomes a
delicacy”] [26].

The previously mentioned “horned” insects were probably beetles belonging to the genus
Lucanus [27]. Pliny often mentioned this genus, which includes the stag beetle, in his
Naturalis Historia. In Book 11, Chapter 52, he describes the stag beetle as a large and
fearsome insect with powerful mandibles that it uses to crush fruits and flowers. He noted
that the beetle is commonly found in wooded areas and suggested that it had a short
lifespan, living for only a few weeks in its adult form. Pliny’s description of the stag
beetle is remarkable for its accuracy, given the limited scientific knowledge of the time.
The name Lucanus comes from the Latin word “/ucere” meaning “to shine” [28] and
probably refers to the shiny appearance of the beetle’s body. The genus Lucanus is still
recognized today and includes over 1200 species of stag beetles found globally
throughout the world [29].

Pliny, however, mentioned several other types of “horned” insects in his Naturalis
Historia. For example, in Book 11, Chapter 48, he described the horned beetle
(Scarabaeus) and its habits. In Book 21, Chapter 27, he mentioned the horned fly

(Tabanus), which he described as having a sharp sting and being particularly troublesome
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to livestock. In Book 29, Chapter 11, he described the horned drone (bombilator), which
(he said) had two curved horns and made a buzzing sound like a trumpet.

Other mentions of “horned” insects included the short-horned grasshopper (Locusta)
(referring to antennae), the horned cicada (Centrotus cornutus (L.), which displays two
lateral horns on the thorax and a long backward-directed spine), and the horned chafer
(probably the stag beetle, the male of which displays two horned mandibles). Pliny was a
keen observer of nature, and his Naturalis Historia is an important source of information
on the animals, plants, and minerals known to the ancient world [30].

Pliny was not the only writer to discuss the consumption of insects: in fact, careful
philological research suggests several references to the consumption of insects in Latin
literature. Aelianus, a Roman author who lived in the second to third century AD and
used to write in Greek, wrote extensively on the natural history of animals, including
insects. In his work, “On the Characteristics of Animals” [31] (De Natura Animalium),
Aelianus provided detailed descriptions of locusts and the ways humans consumed them.
According to this author, locusts were considered a delicacy in some parts of the ancient
world, particularly in the Middle East. He described how locusts were caught in large nets
and then either roasted or boiled before being consumed. He also noted that the wings
and legs were removed before cooking and that the head and body were eaten separately.
Aelianus also described the taste of locusts, which—he said—was “a little like that of a
fish, but more pleasant”. He also noted that locusts were believed to have medicinal
properties and were used to treat various ailments, including headaches, insomnia, and
coughs [32].

It is worth noting that the Romans did not necessarily eat insects as a staple part of their
diet, but also as a delicacy or novelty item. Insects were often consumed at banquets and
other special occasions, and their consumption was associated with luxury and
sophistication. The poet Ovid (Publius Ovidius Naso, 43 B.C.—17/18 A.D.) referred to the
consumption of cossus caterpillars in his work. In his poem “The Art of Love”, he wrote
about the culinary delicacies enjoyed by the wealthy elite, including “caterpillars of the
cossus moth, served on silver dishes” [33,34]. Additionally [77istia (Book 3, Elegy 10,
vv. 21-22)], he described the practice of consuming cicadas, as well as crickets. There
are several other references to the consumption of insects throughout Ovid’s
Metamorphoses, demonstrating the prevalence of this practice in ancient Rome (Book 11,
Line 734). In other passages (Metamorphoses, Book VIII, Lines 620—623 and 736-747),

Ovid described a famine in which people were forced to eat insects (such as beetles and
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grasshoppers) to survive, thus proving that insects were not only a delicacy but also a
source of food during times of scarcity and hardship. This “emergency” food could,
however, provide enough energy “to hunt and carry heavy loads” [ Metamorphoses, (Book
X1V, Lines 701-705)] [35].

The poet Horace (Quintus Horatius Flaccus 65 B.C.—8 B.C.) also wrote about eating
beetles, praising the simple pleasures of life, such as consuming insects and drinking
wine, over the excesses of the rich. Likewise, Lucretius (Titus Lucretius Carus, 99-55
B.C.) (De Rerum Natura, Book 5, Lines 1423-1428) described the consumption of
cicadas, which were apparently eaten in ancient Rome in a similar fashion as grazing
cattle [36]. The Roman poet Martial (Marcus Valerius Martialis 40-102/104 A.D.) (Book
13) mentioned locusts in several of his epigrams. One of his most famous locust
references appears in Epigram 84 from Book 14. In this epigram, Martial used locusts to
symbolize abundance and prosperity, contrasting them with the meager subsistence of
rural peasants. Martial wrote a few verses about eating locusts, although his writings did
not specifically discuss the nutritional value of locusts. In Epigrams Book 13, Martial
described how a wealthy friend served locusts as a delicacy at a banquet. The tone of the
poem is light and humorous, and Martial seems to be poking fun at his friend’s
extravagant tastes [37,38]. Moreover, Martial mentioned the culinary uses of locusts in
Epigram 95 from Book 13. In this epigram, Martial praised a man who could enjoy locusts
as tasty and nourishing food. The description of the locust-eater’s other culinary
preferences, such as tortoise eggs and small insects, suggests that he was not a wealthy
man, but he could enjoy the simple pleasures of life.

It is also possible that military personnel in ancient Rome ate insects, particularly in times
of famine or when on campaign in regions where traditional food sources were scarce or
unavailable. For example, Pliny [39] wrote about the consumption of locusts by the
Roman army during the Third Punic War (149-146 B.C.), when food supplies were
scarce. He noted that the soldiers boiled the locusts and then pounded them into a paste,
which they mixed with grain to make bread. Additionally, there are records of Roman
soldiers consuming beetles, ants, and other insects during military campaigns in Africa
and other parts of the empire [40, 41]. Therefore, while insects were likely not a staple of
the Roman military diet, they may have been consumed out of necessity in certain
situations.

More evidence of the fact that the consumption of insects was a common practice in

Roman society is found in Satyricon, a novel by the Roman writer Gaius Petronius Arbiter
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(27 A.D.—66 A.D.), which includes a famous scene describing the consumption of insects
at a banquet hosted by the wealthy and ostentatious Trimalchio [42]. In this scene,
Trimalchio, an extravagant freedman, serves a dish of roasted beetles and grasshoppers,
which his guests consume with relish. The scene is a satire of the excesses of Roman
society, and the consumption of insects is just one example of the lavish and extravagant
foods served at Trimalchio’s banquet. Trimalchio encourages his guests to try the dish,
even suggesting that it is a delicacy (Satyricon, 31.8), and, when some of the guests are
disgusted by the idea of eating insects, he, as a comical and exaggerated character, insists
that grasshopper and locust are also considered a delicacy among the Greeks.

In “Satyricon” Petronius portrayed the decadence and excesses of the Roman elite,
particularly when it came to their dining habits. The characters in the novel consume a
wide variety of exotic and unusual foods, often to the point of excess and even nausea
[43]. This suggests that Petronius might have viewed the consumption of insects as just
another example of the extravagant and frivolous behaviors of wealthy and powerful
people. Furthermore, Petronius was known for his satirical and subversive writing, which
often poked fun at the social norms and conventions of ancient Roman society. He may
have used the idea of consuming insects to satirize or critique the culture of his time.
Despite the satirical nature of the scene, the consumption of insects was a common
practice, both as food for the poor and as a curiosity for the wealthy. The scene also
reflects the fact that Roman cuisine was highly diverse and included a wide range of

foods, many of which were not commonly consumed in other parts of the ancient world.

3.2 The Consumption of Insects in the Following Centuries in European Society

The study of insect consumption in ancient Rome is a fascinating area of research that
offers insights into the dietary habits and cultural practices of this ancient civilization
[44]. About the following historic periods, it is important to note that the consumption of
insects during the Middle Ages was not well documented, and the available historical
records are limited. Therefore, our understanding of the extent and frequency of insect
consumption during that period is somewhat limited. In summary, while there is evidence
to suggest occasional insect consumption in certain contexts during the Middle Ages,

entomophagy was not a prevalent or widespread practice throughout Europe. Insects were
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not a significant part of the everyday diet, and their consumption was often driven by
specific circumstances or local customs [45].

After the medieval period, there were many references to the consumption of insects
across a wide range of cultures and geographic regions, and there are several authors and
works that discuss the consumption of insects [46]. In the European context, during the
Renaissance period, the Italian physician and naturalist Andrea Bacci (1524—-1600) wrote
about the culinary uses of insects in his book “De Thermis”, published in 1571. Bacci
recommended the consumption of locusts and cicadas as a healthy and nutritious food
source [47,48].

The French physician and herbalist Pierre Belon (1517—1564) also wrote about the
consumption of insects in his book “Les Oeuvres de Pierre Belon”, which was published
in 1555. Belon described how the people of Turkey and other Eastern countries ate
locusts, grasshoppers, and other insects, and recommended the consumption of ants as a
remedy for indigestion [49]. Similarly, the Swiss physician Conrad Gesner (1516—1565)
wrote about the medicinal and culinary uses of insects in his book “Historiae Animalium”,
which was published in the mid-16th century. Gesner described how the people of
Switzerland and Germany ate grasshoppers and locusts and recommended the
consumption of beetles and ants as a remedy for various ailments [50].

Overall, while the consumption of insects during the Renaissance period was not as
widespread as it was in earlier times, there were still several authors and scholars who
wrote about the culinary and medicinal uses of insects [51].

Ulisse Aldrovandi (1522—-1605) was an Italian naturalist and physician who lived during
the 16th century. He is known for his extensive studies of plants, animals, and minerals,
which he documented in several books. In his book “De Animalibus Insectis Libri
Septem” (Seven Books on Insects), Aldrovandi discussed the consumption of insects by
humans. He observed that, in many cultures, insects were an important source of protein
and other nutrients and were often used as food [52]. Aldrovandi recognized the potential
nutritional benefits of consuming insects and even described the taste and culinary uses
of certain species. He believed that insects could provide a cheap and plentiful source of
food for the poor and that they could be farmed for this purpose. Aldrovandi talked about
the consumption of insects in his book because he recognized their potential as a
nutritious and sustainable food source and because he was interested in studying all
aspects of the natural world, including the role of insects in human societies and

ecosystems. In fact, Aldrovandi’s interest in insects was not just limited to their
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nutritional value. He also studied their anatomy, behavior, and ecology, and was one of
the first scientists to recognize the importance of insects in pollination and other
ecological processes [53].

Subsequently, the famous biologist Charles Darwin (1809-1882) wrote about his
experiences eating insects during his travels in South America in his book “The Voyage
of the Beagle” [50]. Moreover, the French naturalist Jean Henri Fabre (1823—1915) wrote
about the culinary uses of insects in his book “Souvenirs Entomologiques™ [54].

Vincent M. Holt, an English naturalist and author who lived in the 19th century, wrote a
book in 1885 entitled “Why Not Eat Insects?” in which he argued that insects were a
nutritious and sustainable food source [55]. Holt compared insects to other widespread
foods, such as eels (whom he called “the scavenger of the sea”), octopus, cuttlefish, and
oysters, wondering what the basis of the disgust caused by insects was. He also argued
that one way to succeed in popularizing insect consumption might be to make them a
fashionable food, fashion being the most powerful motivator in this world.

More recently, Paul Rozin, an American psychologist born in 1936, wrote extensively
about food and culture. In several of his works, he discussed the history and cultural
significance of insect consumption [56,57]. He compared attitudes towards entomophagy
in various cultures to identify commonalities and differences in their practices and beliefs
to provide a deeper understanding of food preferences and human behavior in different
societies [58]. His research may have had implications for nutritional science, biology,
and entomology, shedding light on a lesser known but potentially valuable food source
In summary, European scholars from different eras discussed insect consumption by
providing historical context, presenting a cross-cultural perspective, and conveying the
cultural significance of this practice. They contributed to bridging the gap between the
past and present, fostering a deeper understanding and appreciation of the cultural

perspective on insect consumption.

3.3 A Future Food from the Past in Western Societies

When comparing the consumption of insects in the past and today, different points of
view offer insights into the changes and developments surrounding insect consumption
over time. In the past, even in Western countries, insect consumption was rooted in
cultural practices and traditions. As shown in previous paragraphs, entomophagy was
considered a normal and accepted part of the diet in many contexts (while other insects

were consumed out of necessity during times of food scarcity).
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Today, while insect consumption is gaining traction globally, cultural attitudes toward
eating insects still vary significantly. Some cultures embrace entomophagy as a traditional
practice, while others may have reservations or consider it unconventional. With the
growing recognition of the environmental impact of animal husbandry, there is an
increased interest in insects as a more sustainable protein source. In fact, in terms of
nutrition, insects are a rich source of protein, vitamins, and minerals and, with a better
understanding of nutrition and advancements in food science, insects are being
recognized for their nutritional value and potential health benefits [59].

Moreover, the present era has seen culinary innovations and technological advancements
that have transformed how insects are consumed: they are now processed into various
forms and incorporated into a wide range of food products, appealing to modern tastes
and dietary preferences. This level of innovation and accessibility was likely not present
to the same extent in the past. The current global perspective emphasizes the potential of
insects to address food shortages and reduce the strain on resources [60]. The cultural and
social attitudes towards insect consumption have evolved over time; the consumption of
insects was likely more common and acceptable in biblical times and in ancient Rome
than it is in modern European culture. They are generally not considered a mainstream
food source, and insect consumption is relatively uncommon in many Western cultures,
even if they are a sustainable food source for several reasons. Insects produce less waste
and pollution and can be produced in a more efficient and environmentally friendly
manner than traditional livestock. Insects can also be raised on organic waste, reducing
the need for landfills and thus improving waste management [61]. Insects require
significantly fewer resources than traditional livestock farming, resulting in a lower
carbon footprint. They require less land and feed and produce fewer greenhouse gas
emissions. They are highly efficient at converting feed into edible biomass. For example,
crickets require six times less feed than cattle to produce the same amount of protein.
They can be raised on vertical farms or in small spaces, reducing the need for large
amounts of land. Therefore, they may even be produced in urban areas where space is
limited, considering they require significantly less water than traditional livestock
farming [62]. For example, crickets require 2000 times less water than beef cattle to
produce the same amount of protein. Insects are less susceptible to disease and do not
require antibiotics or growth hormones. This reduces the use of chemicals in their
production, which can harm the environment and human health. The consumption of

insects can thus offer a range of benefits for the future, including improved nutrition,
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environmental sustainability, food security, cultural diversity, and innovation in the food
industry.

Insects may be considered comparable in nutritional value to conventional food [59] and
may also be digested by most human beings [63]. They are a rich source of protein,
vitamins, and minerals. They contain all the essential amino acids required by the human
body, making them a high-quality protein source. Insects are also low in fat and have a
favorable ratio of omega-3 to omega-6 fatty acids [64].

As the world population grows, there is an increasing need for sustainable food sources.
Insects can provide a reliable and sustainable source of protein. As shown previously, in
many cultures around the world, insects are already a traditional food source.
Incorporating insects into global food systems, including in Western societies, may help
preserve traditional food cultures and promote cultural diversity [65]. In recent years,
there has been a renewed interest in the consumption of insects and in novel food products
since they are being developed with sustainability in mind, using ingredients that are
locally sourced, organic, and/or regeneratively produced; these production methods help
to minimize environmental impacts and support sustainable agriculture in the context of
a circular economy. Insect production, however, requires expertise, since different
factors, including the quality of the diet offered and microbiological assessment, need to
be taken into account [66,67,68].

Novel food refers to any food or food ingredient that was not consumed to a significant
degree within the European Union (EU) prior to 15 May 1997. This includes either newly
developed foods/food ingredients or traditional foods from other parts of the world that
are not currently consumed within the EU. The importance of novel food lies in its
potential to offer new and innovative food products to consumers while ensuring that they
are safe and do not harm human health. Novel food can provide a range of benefits, such
as improved nutrition, enhanced flavor, and new culinary experiences. However, the
safety of novel food is paramount; therefore, it is subject to a rigorous safety assessment
before it can be authorized for sale within the EU. The safety assessment evaluates the
potential risks associated with the food, including its composition, toxicity, and any
possible allergenic effects [69]. The EU’s regulation of novel foods provides a framework
for the authorization, safety assessment, labeling, and traceability of novel food products.
This ensures that consumers can make informed choices about the food they eat and can

have confidence in the safety and quality of novel food products [70,71].
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In summary, the development of novel foods is an opportunity to explore more
sustainable food sources and production methods. By promoting the use of sustainable
and innovative food sources, novel foods have the potential to contribute to a more
sustainable and resilient food system because they can help address the problem of
malnutrition and improve the overall health of populations. A nutritious diet is essential
for good health, and novel food can provide the essential nutrients needed for optimal
health [72].

The production of novel food (including insects) may also create jobs and stimulate
economic growth, particularly in rural areas where agriculture is an important productive
activity. This can help to reduce poverty and promote economic development as well as
promote a more ethical and sustainable food system [73].

In Europe, the consumption of insects as a food source has progressively declined with
the spread of the cultural taboo against consuming “creepy crawlies”. The European
Union has not yet fully approved entomophagy for widespread consumption, but there
has been increasing interest and research in this area in recent years. Some EU member
states (including Belgium and the Netherlands) have allowed the sale of certain insect
products, but there is not yet a harmonized framework for regulating insect-based foods
across the EU [74]. However, there are still some traditional dishes that include insects in
European cuisine, such as the Sardinian delicacy of Casu Marzu, a cheese colonized by
insect larvae (see below); moreover, in 2018, the European Food Safety Authority
(EFSA) approved the use of whole and ground crickets as a novel food, meaning it can
be used as an ingredient in various food products sold in the EU. Cricket flour is made
from ground crickets and is a high-protein, gluten-free alternative to traditional flour. It
can be used in various food products, such as protein bars, pasta, and baked goods. The
approval of cricket flour as a food ingredient by the EU is a significant milestone for the
insect food industry, as it opens new market opportunities and increases the acceptability
of insect-based foods among consumers. EU approval also means that cricket flour is
subject to the same safety and labeling regulations as other food products sold in the EU,
ensuring it is safe for human consumption [75].

Casu Marzu is a traditional cheese made in the region of Sardinia, Italy, that is made from
sheep’s milk. What makes this cheese unique is that it is intentionally infested with the
live insect larvae of the cheese fly, Piophila casei (L.), which are allowed to hatch and
mature in the cheese. The larvae feed on the cheese and break down its fats, producing a

soft and creamy texture. Casu Marzu has a pungent odor and is considered a delicacy by
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some people [76]. It has a long history in Sardinian culture and is believed to have
originated as a way for shepherds to preserve cheese during the long winters when fresh
milk was scarce. The practice of intentionally infesting cheese with insect larvae is also
found in other Italian regions (such as Abruzzo and Apulia), as well as in Corsica and in
other cultures, such as in the Philippines. Despite its popularity, the consumption of Casu
Marzu is controversial due to health concerns. In fact, the larvae in the cheese can survive
in the human digestive system and have been known to cause gastrointestinal problems,
including vomiting and diarrhea. As a result, Casu Marzu is banned in many countries
[77,78].

Marcetto cheese from Abruzzo is also known for its feature of being ripened with live
cheese flies. The production of this typical food involves inoculating it with P. casei
maggots, which are then allowed to feed on the cheese for several months. During this
time, the cheese develops a pungent and earthy flavor that is highly prized by cheese
connoisseurs. Another example is Queso del Infierno, a Spanish cheese that is made with
goat’s milk and is ripened with cheese flies, following the same methods described above.
The resulting cheese has a soft and creamy texture and a pungent flavor. There are also
other types of cheese that are made with insects or insect-derived ingredients, such as the
use of bee pollen in some types of goat cheese, or the use of larvae or pupae in other types
of cheese in Asia and Africa. These cheeses are often considered delicacies and are valued
for their unique flavors and textures [79].

In recent years, cricket flour has become increasingly popular due to several factors,
including its nutritional value, sustainability, and versatility in culinary uses. Regarding
nutritional value, cricket flour is a good source of protein, containing up to 70% protein
by weight, as well as vitamins and minerals such as iron and vitamin B12 [80]. It is also
low in fat and carbohydrates, making it a popular choice among health-conscious
consumers. Regarding sustainability [81], compared to traditional livestock such as cows
or pigs, crickets require less space, water, and food to produce the same amount of protein.
In addition, crickets emit fewer greenhouse gases and generate less waste than traditional
livestock [82]. Regarding versatility, cricket flour can be used in a variety of food
products, including baked goods, snacks, and protein bars. According to some consumers,
it has a neutral flavor and can easily be incorporated into recipes without affecting taste
or texture [83]. Moreover, the “novelty factor” may also have an impact: eating insects
or their derivatives (including cricket flour) is considered unusual in many parts of the

world, and some consumers are drawn to the novelty of trying a new and exotic food
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source. Since it is gluten-free, for people with specific intolerances, cricket flour is a
viable alternative to wheat flour [84]. Overall, the nutritional, environmental, and
economic benefits of cricket flour contribute to its growing popularity in the food

industry.

3.4 Modern Perspectives: Sustainability and Food Security

By exploring the rich history of insect consumption, we can gain a greater appreciation
of the important role that insects have played and, probably, will continue to play in
human culture and nutrition. Evidence indicates that humans have been consuming
insects as a food source for tens of thousands of years. Exploring archaeological and
anthropological sources, as well as potential reasons why early humans turned to insects
as a food source through a cultural-historical perspective, we noted the nutritional benefits
of insects, which were apparently valued by our ancestors, whether as an emergency or
luxury food. In Western society, while the cultural acceptance and availability of insects
may have been more widespread in ancient Rome, and, to some extent, in the Renaissance
period, today’s interest in insect consumption is driven by sustainability, innovation, and
the evolution of dietary practices. In ancient Rome, insects were consumed as a luxury
food, but also as a response to food scarcity, partly due to their availability. They were a
readily accessible source of nutrients and were collected during specific seasons or in
times of need. Moreover, in ancient times, insect consumption was not governed by
specific regulations or commercialized as a mainstream food industry. Today, in many
Western societies, including those influenced by Roman culture, insect consumption is
not so widespread or culturally accepted. However, interest in eating insects as a
sustainable protein source is growing and gaining popularity in some communities and
among adventurous eaters. Current interest in insect consumption is driven by
sustainability, innovation, and the evolution of dietary practices.

In conclusion, the consumption of insects has a long and varied history that dates to
prehistoric times. Despite cultural taboos and societal biases against insects as a food
source, many cultures worldwide have traditionally consumed insects for their nutritional
and medicinal properties [85].

Today, with the growing awareness of the environmental and economic benefits of insect
consumption, the practice is gaining wider acceptance and popularity across the globe.
However, regulatory and cultural barriers still exist, and there is a need for further

research into the nutritional content and safety of insect-based foods.
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Insect consumption is becoming increasingly popular and is expected to continue to grow.
Possible future directions for insect consumption are the following. (1) The expansion of
insects as a mainstream food source: while insects are already consumed in many parts
of the world, they are not yet a mainstream food source in many other regions. In the
future, there may be a greater push to promote insects as a healthy and sustainable food
source on a larger scale. (2) Increased use in processed foods: insect derivatives, i.e.,
cricket flour, are already being used in various food products such as protein bars, snacks,
and baked goods. As consumers become more familiar with insects as a food source, we
can expect to see more processed food products incorporating insect-based ingredients.
(3) Greater emphasis on sustainability: insects are often promoted as a sustainable protein
source due to their low environmental impact compared to traditional livestock. In the
future, there may be a greater emphasis on exploiting the sustainability of insect farming
practices, exploring factors such as feed sources, water usage, and waste management
[86]. (4) Development of new insect-based products: a wide range of insect-based
products is already available, but we can expect the development of new products as
insects become accepted as a food source. These may include new insect-based meat
alternatives, beverages, and functional foods. (5) Increased research into the nutritional
benefits of insects: while insects are known to be a good source of protein, there is still
much to be learned about their overall nutritional content and potential health benefits. In
the future, more studies are expected to be performed to determine the nutritional value
of insects and their potential role in promoting health and preventing disease [87].

In conclusion, in Western societies, insects are an emerging food that is rooted in the past
and has gained popularity in recent years due to its nutritional value, sustainability, and
versatility. As the global population continues to grow and the demand for protein
increases, insects may become an increasingly important food source. Today’s world
presents great contradictions. For, on the one hand, a part of the population faces the
overproduction of food, food waste, obesity, and other health problems related to
overeating, but, on the other hand, many people are still facing food insecurity, even in
wealthy countries [88]. Insects can certainly represent a (not necessarily emergency) food
for hungry populations, but they should, moreover, be regarded as a sustainable source of
protein and other nutrients, the consumption of which can also help the wealthier part of
the world to eat in a healthier and more sustainable way [89]. However, there are also
challenges to be addressed, such as the cultural and regulatory barriers to insect

consumption, as well as the need for more research into the nutritional content,
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production, and safety of insect-based foods [90]. With continued innovation and
research, insects have the potential to play an important role in meeting the world’s food

needs in a sustainable and nutritious way.

* An academic article derived from this chapter has been published in the international journal Insects,
emphasizing its relevance to the fields of entomology, sustainability, and ecosystem restoration.
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4. CHAPTER 3. CULTURAL LANDSCAPES AND THE ROMAN LEGACY"

4.1 The Concept of Cultural Landscapes: Historical and Modern Perspectives

“The enjoyment of natural beauty has a peculiar, quiet, elevating satisfaction”. In the
realm of aesthetic philosophy, Immanuel Kant, (an eighteenth-century German
philosopher), introduced the concept of “disinterested enjoyment”, a form of appreciation
that transcends personal desires, material interests, or practical utility. This concept,
deeply rooted in the contemplation of art and nature, finds a surprising resonance in our
modern approach to landscapes, since today, amidst growing environmental awareness
and a renewed interest in sustainable living, our engagement with landscapes transcends
utilitarian views. We find ourselves increasingly drawn to the intrinsic beauty and
ecological importance of the natural world, aligning with Kant’s ideal of finding joy in
beauty for its own sake [1,2].

This philosophical notion finds a compelling parallel in the way the Roman Empire
perceived and represented landscapes. The Romans, known for their multifaceted
approach to the world around them, did not merely view landscapes as territories to be
conquered or resources to be exploited. Instead, there was an appreciation of landscapes
that, in its complexity, is in line with the Kantian ideal of disinterested enjoyment. Their
representations of landscapes in art and literature, ranging from the idyllic pastoral scenes
to the majesty of urban architecture, were not just about utility but also about a deeper,
aesthetic appreciation. Romans, could engage with their environment in a way that was
removed from immediate personal gain, reflecting a profound and nuanced understanding
of the natural and built world [3].

The concept of “cultural landscape” can be understood as an intricate mosaic that
combines geography, history, and culture into a single expressive entity. This concept
goes beyond physical appearances, embracing the deep and enduring relationship
between human beings and their natural environment. As Carl Sauer, a leading cultural
geographer, eloquently said as early as 1925, “Culture is the agent, the natural area is
the medium, the cultural landscape is the result” [4].

This definition emphasizes the transformative role of human activity in shaping the
natural world into landscapes imbued with cultural meaning. Delving into the era of the
Roman Empire, we have a profound demonstration of this transformation. The Roman

Empire’s approach to reshaping landscape had a lasting and profound influence on the
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spatial and aesthetic sensibilities of Western societies. The cultural landscape of Imperial
Rome, with its innovative urban planning, architectural mastery, and infrastructural
ingenuity, has not only survived into modernity but continues to inform and inspire
contemporary urban and architectural design [5].

The Romans excelled at integrating natural landscapes with urban development. They
constructed cities that blended functionality with aesthetic appeal, as evidenced in their
forums, public baths, gardens, and amphitheaters. Today, as we face the challenges of
urban expansion and environmental sustainability, this Roman approach has inspired
modern urban planning, seeking to harmonize natural elements within cityscapes.
Concepts like green spaces, urban parks, and eco-friendly architecture are contemporary
reflections of this integration [6].

The Romans left behind a wealth of architectural and artistic heritage which has become
a crucial part of global culture. This legacy has informed modern approaches to cultural
heritage conservation [7]. Protecting and preserving historical sites, landscapes, and
architectural wonders are seen as preserving a part of human history.

We introduce the concept of socio-ecological systems, which examines the interactions
between human societies and their natural environments through a lens that integrates
both ecological and sociological perspectives. This framework is instrumental in
understanding how landscapes are not merely backdrops to human action but are active
elements in cultural identity and sustainability. By exploring these interactions within the
context of the Roman Empire’s architectural and planning principles, we uncover how
historical influences shape modern cultural identities and landscape practices. The legacy
of Roman environmental and urban planning strategies offers profound insights into the
continuity and transformation of cultural landscapes. As we delve into the Roman
approach to land and resource management, we find lessons that are pertinent to
contemporary challenges in urban design and sustainability. The study aims to bridge the
historical with the contemporary, highlighting the importance of preserving cultural
landscapes for their educational and aesthetic value, ecological sustainability, and their
role in maintaining historical continuity. This research contributes to our understanding
of the deep-seated connection between past civilizations and modern cultural identities
through the stewardship of cultural landscapes. It underscores the need for integrating
historical insights into contemporary landscape preservation and urban design to keep

these spaces relevant for future generations.
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4.2 Roman Contributions to Landscape and Identity Formation

The Roman Empire, with its extraordinary richness and power, not merely shaped the
physical world of its time but also left a legacy that continues to be felt in our modern
urban and rural environments. As the world has transformed, so too have the impacts and
interpretations of Roman innovations on cultural landscapes, and the remnants of Roman
architecture, law, governance, and culture continue to evolve and resonate in our modern
world, highlighting both the permanence and the adaptability of Roman influence through
the ages [8,9]. The adaptation and reinterpretation of Roman landscape elements in
modern urban and architectural design is a fascinating aspect of how the ancient world
continues to influence contemporary practices [10]. One of the most significant Roman
contributions to urban design is the concept of public spaces [11]. Roman forums, for
example, served as multifunctional public areas central to civic life, combining political,
social, and commercial activities. This concept has been adapted in modern urban
planning with the creation of city squares, parks, and plazas. As noted by the urban
planner Kevin Lynch, “The Roman forum was the precursor to the public square, now a
central feature in cities worldwide, serving as hubs for civic interaction” [12]. This
adaptation highlights how ancient spaces have been reinterpreted to fit contemporary
urban needs while retaining their fundamental roles as centers of public life. Moreover,
the Romans were pioneers in engineering and infrastructure, including roads, aqueducts,
gardens, and public baths. These elements have been essential in shaping modern
approaches to infrastructure and public amenities. As the civil engineer Fuller remarked,
“The Roman legacy in engineering is not just in the structures they left behind, but in the
principles of efficiency, durability, and aesthetics they established” [13,14]. This legacy
is evident in contemporary engineering projects that prioritize longevity and integration
with the environment, reflecting Roman sensibilities. The reinterpretation of Roman
landscapes extends to landscape architecture as well. The Roman villa gardens, with their
emphases on symmetry, order, and the blending of indoor and outdoor spaces, have
influenced modern landscape design. The landscape architect John Dixon Hunt noted,
“The Roman Garden was a place of beauty and contemplation, its design principles
resonate in the modern pursuit of serene and harmonious landscapes” [15]. This
influence illustrates how the Roman approach to harmonizing nature and architecture
continues to guide contemporary landscape design. The enduring impact of Roman

landscapes in modern urban and architectural design demonstrates a living heritage, a
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dialogue across millennia, and reflects a respect for the past coupled with a vision for the
future, allowing for a continuous evolution of design principles that are as relevant today
as they were in Roman times. This ongoing exchange between the ancient and the modern
highlights the timeless nature of Roman innovations and their ability to inspire and adapt
to changing cultural and technological landscapes.

From the construction of roads and aqueducts to the development of urban and rural areas,
the Roman Empire’s imprint on landscapes was as profound as its political and cultural
influence. During the Roman Empire, landscapes were perceived and interacted with in
various culturally significant ways. Roman attitudes towards landscape were shaped by
their social, economic, and political contexts. They had a well-developed tradition of
landscape architecture, which included the creation of gardens and other designed spaces
that reflected their cultural values and aesthetic preferences [16,17]. The Romans viewed
landscapes not only as physical spaces but also as realms with embedded symbolic
meanings and purposes. This perception influenced how they designed and utilized their
environments, ranging from urban planning to the creation of rural estates [18]. The
construction of roads, aqueducts, and other infrastructural elements by the Romans also
significantly altered landscapes, reflecting the Romans’ approach to organizing and
controlling space; in fact, landscapes have evolved significantly over time, shaped by
both natural processes and human activities [ 19]. The Romans were skilled engineers and
architects. Their approach to landscapes was often driven by practical needs, such as the
construction of roads, aqueducts, and urban planning. These infrastructural developments
were not only functional but also symbolized Roman ingenuity and power. For instance,
the road network facilitated military movements, trade, and communication across the
vast empire, while aqueducts showcased the Romans’ ability to control and manipulate
the natural world for the benefit of urban centers [20]. Public spaces, such as forums,
baths, and gardens, played crucial roles in shaping community and societal norms. These
spaces were not just physical locations but central to the social, political, and cultural life
of Roman citizens [21]. The Roman forum was the nucleus of Roman public life. It was
the site of political speeches, judicial proceedings, and public announcements. Here,
citizens would gather to hear orators, discuss politics, and participate in civic life. Forums
also served as places for socializing and business transactions. People from all walks of
life could mingle, exchange news, and engage in commerce. These public squares hosted
religious ceremonies, public celebrations, and triumphal processions, reinforcing shared

cultural and religious values [22]. Public baths (like the famous baths of Caracalla and
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Diocletian in Rome), were not just for hygiene, but were great social equalizers. People
of different classes and backgrounds could interact in these communal spaces. Baths
offered various facilities such as gyms, libraries, gardens, and even lecture halls. This
variety made them centers for leisure and education, where intellectual discussions and
physical fitness were equally valued (mens sana in corpore sano) [23]. The emphasis on
bathing rituals also highlights the Roman focus on health and well-being, which was a
societal norm [24]. Gardens, both public and private, provided essential green spaces in
urban settings. Public gardens were places for relaxation and escape from the bustling
city life [25]. They were also venues for social gatherings, literary discussions, and
philosophical debates, contributing to the cultural and intellectual life of the city. Gardens
reflected the Roman appreciation for beauty, order, and nature. They were often designed
with intricate landscapes, showcasing the Roman affinity for art and aesthetics [26,27].

The legacy of Roman gardens continues to influence modern garden design and remains
a testament to their sophisticated approach to landscape architecture [28,29]. The
significance of gardens is deeply rooted in Roman society and lifestyle, as evidenced by
literature, historical records, and archaeological findings. They were carefully designed
with walkways, sculptures, and fountains, offering peaceful environments for leisure and
contemplation [30,31]. Lavish gardens were a status symbol among the elite. They were
used to display wealth and taste, often featuring exotic plants, elaborate water features,
and art. Hosting social gatherings in these gardens was a common practice among the
aristocracy [32]. In urban areas, gardens were integrated into domestic spaces, like the
peristyle gardens in Roman houses. These green spaces, though smaller than their rural
counterparts, provided a connection to nature within the urban landscape and were an
essential element of the Roman home. Gardens also had practical applications in food
production. Romans cultivated fruit trees, vegetables, and herbs in their gardens,
reflecting their knowledge of horticulture and agricultural practices. Some gardens had
religious or symbolic significance, featuring sacred groves or shrines dedicated to various
deities. Authors like Pliny the Younger, Cicero, and Horace often wrote about gardens,
highlighting their beauty, utility, and the pleasure derived from them [33,34].
Archaeological excavations, such as those at Pompeii and Herculaneum in southern Italy,
have uncovered remains of ancient Roman gardens, providing insights into their layouts,
designs, and the types of plants that were grown. These findings confirm the literary
descriptions and provide a tangible link to the past [35]. These public spaces fostered a

sense of community and belonging among the Roman population. For an empire that

51



encompassed diverse cultures, public spaces provided common ground for cultural
exchange and integration. The grandeur and architectural sophistication of these spaces
instilled civic pride and a sense of shared identity among Romans. They were
instrumental in transmitting societal norms and values, whether through public speeches
in forums, philosophical discussions in baths, or the display of art and nature in gardens
[31].

In the contemporary era, in Western societies, the profound inheritance of the Roman
Empire is still vividly imprinted on the cultural landscapes, and its pervasive influence
continues to witness the enduring legacy of one of history’s most influential civilizations
[36]. The Roman Empire, at its zenith, encompassed a vast expanse of territories, each
absorbing and reflecting Roman customs, ideologies, and technologies. Today, these
influences manifest in various tangible and intangible forms, shaping the way modern
Western societies operate, interact, and perceive their heritage [37]. Roman contributions
in city planning, engineering, art, language, and societal norms have shaped and enriched
the cultural landscapes of various regions under the influence of empire, both in antiquity
and in the modern world [38]. Relating the integration of Roman culture to cultural
landscapes involves understanding how these enduring influences have physically shaped
and defined the environments in which we live, work, and interact. Cultural landscapes
are not just physical environments, but are also spaces shaped by the historical, social,
and cultural forces that have acted upon them [39]. Many modern cities, especially in
Europe, still follow the grid patterns established by Roman urban planning. The
organization of streets, public squares, and open spaces in these cities can often be traced
back to Roman designs [40]. The presence of Roman architectural styles in buildings such
as government buildings, museums, and even private residences, particularly those
featuring columns, arches, and domes, creates a distinct aesthetic that harks back to
Roman influences [41]. The architecture and design of courthouses, legislative buildings,
and other government structures often draw on Roman styles, reflecting the influence of
Roman legal and political systems [42]. The use of Latin in the names of educational
institutions, legal terms, and scientific nomenclature reflects the ongoing influence of
Roman language and thought [43]. Roman-inspired sculptures, mosaics, and artworks in
public spaces, museums, and galleries contribute to the aesthetic character of these
environments [44]. The layout and design of public gardens and parks, with their
emphasis on symmetry, water features, and statuary, often draw from Roman landscape

gardening traditions [45]. The alignment and construction of some modern roads and
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bridges follow principles established by Roman engineers, impacting the physical
connectivity and structure of landscapes [46]. The architectural styles of many churches,
particularly in Western countries, are heavily influenced by Roman basilica designs [47].
Also, modern sports stadiums and arenas are conceptually descendant from Roman
amphitheaters and circuses, which influences the layout and cultural significance of these
structures in modern landscapes [48,49].

The Romans, renowned for their monumental architecture and urban sophistication, often
present an image of a society preoccupied with the constructs of civilization. However,
beneath this veneer of urbanity lies a profound and enduring connection with the natural
environment. Roman culture was heavily influenced by Greek philosophy, which
included ideas about the beauty and significance of the natural world. Graecia capta
ferum victorem coepit is a famous Latin expression from the Roman poet Horace’s work
[50]. It translates to “Captive Greece captured her savage victor”. This phrase succinctly
captures the cultural and intellectual conquest of Rome by Greece, despite the military
conquest of Greece by Rome. Gardens and rural estates were designed not only for leisure
and agriculture but also as spaces of philosophical contemplation and aesthetic
appreciation. The idea of the locus amoenus (pleasant place) in Roman literature, for
instance, reflects this appreciation of the beauty and tranquility of nature [51]. The Roman
Empire’s expansion brought them into contact with a variety of landscapes and peoples,
influencing their perception of the natural world. Conquered landscapes were often
depicted in art and literature as symbols of Roman power and civilization [52].

For example, the depiction of exotic animals and plants in Roman mosaics and frescoes
from distant lands symbolized the extent and diversity of the empire [53,54]. Roman
literature and art played a significant role in shaping their perception of landscapes.
Pastoral poetry, such as the works of Virgil, idealized rural life and landscapes, presenting
them as peaceful and idyllic retreats from the politics and complexities of urban life [55].
This contrast between the urban and rural, civilization and nature, was a recurring theme
in Roman thought. The Romans also viewed landscapes through the lens of religion and
mythology. Natural features like rivers, forests, and mountains were often associated with
gods and goddesses, and many natural sites were considered sacred. They believed
in numina, spirits that inhabited natural places, reflecting a deep sense of the divine
presence in the natural world [56]. Festivals and rituals often celebrated the cycles of
nature, agricultural fertility, and the deities associated with them, such as Ceres (goddess

of agriculture) and Bacchus (god of wine). In summary, the Roman perception and
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representation of landscapes were shaped by a blend of practical needs, philosophical
traditions, socio-political dynamics, artistic expression, and religious beliefs. This
multifaceted approach led to a rich and varied understanding of landscapes in the Roman
world. This complex view allowed them to interact with their environment in ways that
were practical and efficient, yet also deeply imbued with cultural, artistic, and spiritual
significance [57]. From the bucolic tranquility evoked in the pastoral poems of Virgil to
the philosophical musings of Seneca, which intertwine human experience with the
rhythms of nature, Roman literature presents a rich canvas on which nature is not merely
a backdrop but a dynamic and influential character [58,59]. The Romans’ approach to
nature, as reflected in their literature and architecture, illustrates a profound appreciation
and understanding of the natural world’s influence on human life and creativity. Roman
authors and thinkers often explored the relationships between nature, art, and language,
viewing nature as a guiding principle in various aspects of life. Roman authors used nature
as a mirror to reflect on societal values, human emotions, and philosophical ideals.
Through the varied literary genres—from the epic to the elegy, the satire to the
philosophical treatise—we can trace how each genre captures and interprets the natural
world, not only highlighting the aesthetic appreciation of nature in Roman culture but
also exposing the deeper ecological insights and environmental considerations of these
ancient authors [60]. In the epic, nature often serves as a grand stage for heroic deeds and
divine interventions, reflecting the Romans’ admiration for the majesty and power of the
natural world. Virgil’s Aeneid, for instance, is not only a tale of a hero’s journey but also
a canvas depicting the tumultuous seas, divine forests, and the very essence of the Earth
that shapes human destiny. He uses natural phenomena to mirror human experiences [61].
In the elegy, Roman poets like Ovid and Catullus bring forth a more intimate and personal
portrayal of nature. Here, nature becomes a confidant, a reflection of love, loss, and the
poignant transience of life. The elegiac poets weave nature into their narratives, using it
to symbolize emotions and human experiences, turning rivers, trees, and flowers into
symbols of love, longing, and separation [62]. Ovid, in his Metamorphoses [63] for
example, describes the transformation of a nymph into a stone, symbolizing the
permanence and power of nature. Satire, another vital genre typically Roman, reveals a
different facet of the Roman perspective on nature. Authors like Juvenal and Horace use
satire to critique society, and in doing so, they often juxtapose the corruption and
artificiality of urban life against the purity and simplicity of the natural world. “Rura mihi

et rigui placeant in vallibus amnes” (“Give me the countryside and rivers lying in moist
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valleys”). Thus wrote Juvenal in his Satires [64] to expresses a preference for the
simplicity and purity of rural life over the corruption of the city. Horace idealizes the
pastoral life, drawing a contrast between the peaceful life close to nature and the hectic
urban existence, considering, in his Satire, the “Happy who is far from business cares,
like the race of people of the past” [65]. Lastly, in the philosophical treatise, nature is a
source of wisdom and a ground for existential and ethical inquiries. The works of Seneca
and Marcus Aurelius, among others, are replete with reflections on nature’s laws and
rhythms. They ponder the human place in the natural order and use nature as a guide for
moral and philosophical teachings, seeing it as a pathway to understanding the universe
and the self [66]. These excerpts can serve as examples for analyzing how Roman
literature uses nature as a theme and metaphor. The verses not only display the Romans’
appreciation of the natural world but also their philosophical and moral reflections on it.
Furthermore, many are the works describing nature. Virgil’s Georgics, for instance, is a
poem that directly deals with agricultural themes and reflects a deep connection with the
land. The work not only demonstrates the literary value of nature but also how deeply
ingrained it was in the Roman psyche and how it influenced their creative expressions.
Virgil, in fact, praises the agricultural life, illustrating in his Georgics, how humans can
work in harmony with nature to cultivate and enhance the landscape [67]. In one of
his Letters, (Letter 2.17), Pliny the Younger [68], describing his villa, highlights the
Roman ideal of integrating architecture with the natural landscape, creating a harmonious
and aesthetically pleasing environment. Columella’s De Re Rustica, an original
agricultural treatise, [69], emphasizes the importance of working in harmony with nature
for successful farming and enhancing the natural landscape.

In these works, it is, therefore, evident that the Roman approach to nature is something to
be harmonized with and enhanced through agriculture, architecture, and lifestyle. Their
literature reflects an admiration for the beauty of the natural world and an understanding
of the importance of nurturing and respecting it. These examples from Latin literature, in
fact, underscore the Roman belief in nature as a fundamental and guiding principle. They
reveal a civilization that saw the natural world not merely as a resource to be exploited,
but as a source of inspiration, guidance, and wisdom that profoundly influenced their
understanding, expression, and way of life.

Studying the interactions between past civilizations, like the Roman Empire, and their
environments offers valuable lessons for addressing contemporary environmental

challenges and promoting sustainable land management practices. By integrating

55



historical knowledge, scientific research, and community engagement, we can develop
holistic approaches to environmental stewardship that balance human needs with
ecological integrity, resilience, and equity [70,71]. The expansion of the Roman Empire
often led to significant changes in land use, including deforestation, urbanization, and
agricultural intensification. These activities had both positive and negative impacts on
biodiversity [72]. While some ecosystems were altered or destroyed, others were
transformed into managed landscapes that supported diverse flora and fauna, including
cultivated crops, domesticated animals, and wildlife adapted to human-modified habitats
[73]. Understanding the historical patterns of land use and biodiversity in Roman
landscapes can provide insights into modern conservation efforts and the management of
biodiversity hotspots. The Roman Empire relied heavily on agriculture to sustain its
growing population, leading to the development of sophisticated farming techniques and
land management practices. Roman farmers employed methods such as crop rotation,
terracing, and irrigation to maximize yields and maintain soil fertility. Studying these
historical agricultural practices can inform modern approaches to sustainable agriculture
and soil conservation. The environmental footprint of the Roman Empire influenced the
provision of ecosystem services such as food production, water supply, soil fertility, and
climate regulation [74]. Similarly, Roman aqueducts and water management systems
supplied freshwater to cities and agricultural lands, while forests and wetlands provided
essential ecosystem services such as flood control, water filtration, and habitat for
wildlife. The Romans were renowned for their engineering feats, particularly in the
construction of aqueducts, bridges, and water distribution systems. These infrastructure
projects not only supplied water to cities and agricultural lands but also managed
floodwaters and controlled erosion. Lessons from Roman water management can be
applied to modern water resource management and flood risk mitigation strategies
[75,76]. The Roman Empire’s environmental footprint had localized effects on climate
regulation, particularly in urban areas with high levels of pollution, deforestation, and
land degradation. Urbanization and industrial activities contributed to air and water
pollution, soil erosion, and loss of vegetation, which in turn affected local climate patterns
and air quality [77]. However, the Roman Empire also implemented environmental
policies aimed at mitigating these impacts, such as reforestation programs, land
conservation measures, and regulations on waste disposal and pollution control [78].
Roman landscapes offered opportunities for recreation and leisure activities, particularly

in urban areas, with parks, gardens, and public spaces. The design of Roman cities and
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towns incorporated green spaces, promenades, and recreational facilities such as theaters,
amphitheaters, and baths, which provided opportunities for social interaction,
entertainment, and relaxation [79]. These recreational amenities contributed to the well-
being of Roman citizens and fostered a sense of community and cultural identity [32].
The environmental footprint of the Roman Empire had complex implications for human
well-being, encompassing factors such as access to natural resources, public health, social
cohesion, and cultural heritage. While Roman infrastructure and urbanization improved
living standards for some populations by providing access to clean water, sanitation, and
public amenities, others experienced environmental degradation, resource depletion, and
social inequities. Moreover, the Romans implemented various waste management
practices, including sewer systems, public baths, and public latrines, to improve sanitation
and hygiene in urban areas. Additionally, they recycled materials such as glass, metal,
and pottery, demonstrating an early awareness of resource conservation and circular
economy principles [80,81]. Drawing lessons from Roman waste management can guide
contemporary efforts to reduce waste generation, increase recycling rates, and promote
sustainable consumption patterns. The Roman Empire enacted legislation and regulations
to protect natural resources, preserve landscapes, and manage land use activities. For
example, Emperor Augustus implemented laws to protect forests and regulate mining
activities, while Emperor Trajan established laws to safeguard water quality and manage
fisheries [82,83]. By studying the effectiveness of historical environmental policies,
policymakers can design more robust and adaptive governance frameworks for

addressing current environmental challenges.

4.3 Conclusion

In this study, we have revisited the indelible imprint of the Roman Empire on modern
identities through the prism of cultural landscapes, reaffirming the thesis that the Roman
Empire’s legacy is a pivotal element in shaping contemporary cultural identities. By
briefly examining urban infrastructure and monumental architecture, and including the
reading of classical texts, we have uncovered layers of historical continuity that bridge
the ancient and the modern world. These landscapes serve not only as physical remnants
of a bygone era but also as dynamic spaces where historical narratives and modern
identities coalesce. The findings underscore the Roman Empire’s profound and
multifaceted impact on modern cultural identities, suggesting that the past is not a distant

relic but a living, breathing influence on present-day societies. The Roman Empire’s

57



influence on modern identities through cultural landscapes reveals profound insights into
the continuity and transformation of cultural diversities over time. These findings
highlight how ancient legacies are not static relics of the past but dynamic elements which
continuously shape and are shaped by modern cultural identities.

This study shows that cultural identity as an evolving construct is influenced by historical
legacies such as those of the Roman Empire. The continuity, bridging the ancient and
modern worlds, suggests that cultural identity is not merely inherited, but actively
constructed and reconstructed over time, engaging with the past to inform the present.
The Roman Empire’s cultural landscapes serve as arenas for interaction between the past
and present, places where historical narratives and contemporary realities converge. This
interaction is not a one-way street; it involves a continuous process of negotiation and
reinterpretation. Modern societies engage with these ancient landscapes, adapting them
to contemporary needs and values while preserving their historical essence.

This study also refers to the role of globalization in shaping the continuity and
transformation of cultural identities. The Roman Empire can be seen as an early form of
globalization, spreading its cultural, architectural, and legal influences across a vast
territory. In the contemporary world, despite some negative effects, globalization also
facilitates the spread of cultural elements across borders, leading to the blending and
clashing of identities. The Roman cultural landscapes exemplify how global forces have
historically shaped local realities, suggesting parallels with current trends of cultural
exchange and conflict.

The significance of this insight extends to the preservation and adaptation of cultural
heritage. The ways in which modern societies preserve, neglect, or adapt Roman cultural
landscapes reveal their attitudes towards heritage. Preservation efforts often reflect a
desire to maintain a tangible link to the past, emphasizing continuity. Conversely,
adaptation of these landscapes for new uses highlights the transformative aspect of
cultural identity, demonstrating how historical legacies are integrated into the evolving
fabric of contemporary life.

Finally, this study may contribute to our understanding of identity formation and
historical consciousness. The engagement with Roman cultural landscapes fosters a sense
of’belonging to a larger historical narrative, transcending temporal and spatial boundaries.
It underscores the importance of memory, heritage, and history in the ongoing process of
identity formation, highlighting how past legacies inform contemporary cultural

understandings and aspirations.
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4.4 Prospects

The exploration of Roman Empire’s impact on modern identities through cultural
landscapes opens several pathways for future studies and actions. These avenues can
expand our understanding of historical influence on modern societies and offer
perspectives on cultural preservation and identity. Future approaches could involve
comparative studies of how different regions influenced by the Roman Empire negotiate
their ancient heritage within their modern reality. Such studies can unveil various
strategies for preserving, adapting and maintaining ancient influences.

As we move forward, the preservation of cultural landscapes will increasingly depend on
our ability to innovate, adapt, and collaborate. The integration of traditional knowledge
with contemporary practices offers a promising pathway to the safeguarding of these
landscapes for future exploration, learning, and inspiration. The future of cultural
landscapes lies in our collective hands, and it is through our continued commitment to
their preservation that we can ensure they remain vibrant and meaningful parts of our
global heritage.

This forward-looking perspective emphasizes the dynamic nature of cultural landscapes
and the ongoing need for concerted efforts in their preservation and revitalization. By
acknowledging the complexities and embracing the opportunities for innovation, we can
ensure that cultural landscapes, including the Roman legacy, continue to enrich our lives

and those of generations to come.

* This chapter has been developed into an international academic publication, featured in the Special Issue
of the journal Land, highlighting its contribution to the field of environmental restoration and sustainable
land management.
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S. CHAPTER 4. Water, Ecosystem Services, and Urban Green Spaces in the
Anthropocene”
5.1 The Anthropocene and Urban Ecosystems

The term Anthropocene has emerged as a crucial concept across various
disciplines, emphasizing the unprecedented influence of human activity on Earth’s
ecological and geological systems. Originally proposed by biologist Eugene Stoermer in
the early 1980s and popularized by atmospheric chemist Paul Crutzen in 2000, the
Anthropocene suggests that humanity’s impact—through industrialization, urbanization,
deforestation, and climate change—has initiated a new geological epoch. Crutzen’s work
emphasized that these anthropogenic forces have fundamentally altered planetary
processes, with effects that will be detectable in the Earth’s stratigraphic record for
millennia [1]. This shift is evidenced by key indicators such as rising carbon dioxide
levels, widespread microplastic pollution, and significant biodiversity loss, all of which
signal the transition from the stable Holocene epoch [2].

Despite its widespread usage, the formal recognition of the Anthropocene as a distinct
geological epoch is still debated within the geology community. The Anthropocene
Working Group (AWG), part of the International Commission on Stratigraphy (ICS),
continues to investigate whether human-induced changes, such as the proliferation of
radioactive isotopes after 1945, are sufficient to mark the beginning of a new geological
era [3]. While scholars debate the specific criteria for defining this epoch, the
Anthropocene has already become a powerful conceptual tool for understanding the
intricate relationship between human societies and natural systems.

This concept is particularly relevant to the critical issues of sustainable urban
development, water resource management, and ecosystem services, all of which are
profoundly affected by human activity. Human interventions in the water cycle, the
degradation of ecosystem services, and rapid urbanization have transformed the
interactions between people and the environment, necessitating a new approach to urban
planning [4]. In the context of the Anthropocene, cities must adopt resilient designs,
including the integration of green infrastructure, to mitigate the consequences of
environmental degradation and climate change.

The Anthropocene provides a framework for addressing these interconnected systems,
offering insights into managing water scarcity and floods, protecting biodiversity, and
leveraging green infrastructure to improve the sustainability of urban environments. As

urbanization accelerates, the role of natural elements such as urban green spaces and
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water management systems is becoming essential in maintaining ecological balance and
enhancing the quality of urban life [5]. Responding to the environmental realities of the
Anthropocene will require innovative solutions that bridge the gap between human

activity and environmental stewardship.

5.2 The Role of Water in Urban Sustainability

As we enter the Anthropocene, cities are confronted with mounting challenges related to
climate change, urbanization, and water scarcity. Rapid urban growth has placed
unprecedented pressure on water resources, while the increasing frequency and severity
of extreme weather events further exacerbate these challenges [6]. In this context, ancient
water management practices, which were often highly efficient and adaptive to
environmental conditions, offer valuable insights for modern urban sustainability.
Climate change is one of the most significant challenges facing modern cities. As global
temperatures rise, cities are experiencing more extreme weather events, which disrupt
water supply systems, strain infrastructure, and increase the risk of water scarcity and
flooding. In many regions, shifting rainfall patterns and prolonged droughts are reducing
the availability of freshwater resources, leading to significant water stress in urban areas
[7]. In other regions, increased precipitation and rising sea levels have caused more
frequent and severe urban flooding, damaging infrastructure and displacing communities
[8]. Ancient water management systems, such as rainwater harvesting and flood control
mechanisms, offer solutions that are highly relevant to modern climate challenges. For
instance, the Maya civilization relied on reservoirs and cisterns to capture and store
rainwater, ensuring a stable water supply during periods of drought [9]. Modern cities
facing water scarcity, such as Cape Town or Sdo Paulo, could adapt these ancient
techniques by incorporating urban rainwater harvesting systems to capture and store
stormwater for future use [10]. Singapore, for example, has already adopted advanced
rainwater harvesting practices, significantly improving its water security in the face of
unpredictable rainfall patterns [11,12].

Similarly, cities can learn from ancient Chinese flood control methods, such as the
Dujiangyan Irrigation System, which used natural river dynamics to prevent flooding
without causing environmental damage [13]. Modern urban planners could integrate
nature-based solutions, such as constructed wetlands and floodplains, to manage excess

water during heavy rains, reduce urban flooding, and restore natural hydrological cycles.
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Urbanization is placing immense stress on modern water infrastructure. As cities expand,
impermeable surfaces—such as roads, buildings, and parking lots—replace natural
landscapes, reducing the ground’s ability to absorb rainfall and increasing stormwater
runoff [14]. This not only heightens the risk of flooding but also contributes to the
degradation of water quality, as runoff collects pollutants from urban surfaces and
deposits them into rivers and lakes [ 15]. Moreover, rapid urban growth often outpaces the
development of water infrastructure, leaving many cities vulnerable to water shortages
and inadequate stormwater management.

Ancient cities developed innovative ways to manage water within densely populated
environments. The Romans, for example, constructed complex aqueduct systems that
transported water from distant sources into urban centers while simultaneously managing
waste and stormwater through underground drainage systems [16]. This type of
decentralized water infrastructure—where water is collected, stored, and distributed
across a network of systems—could inform modern strategies for urban water resilience.
Modern cities such as Los Angeles are already adopting decentralized water systems,
including the use of green infrastructure such as rain gardens and bioswales, to manage
stormwater, reduce runoff, and enhance water’s infiltration into the ground [17].
Additionally, Rome’s cisterns and water storage systems could inspire modern
approaches to managing water demand in rapidly urbanizing areas. By integrating
rainwater harvesting systems and greywater recycling into urban infrastructure, cities can
reduce their dependence on external water sources and build more resilient water systems
that can cope with population growth and climate variability [18]. Water scarcity is an
escalating problem in many regions around the world, particularly in arid and semi-arid
climates. According to the United Nations, more than 2 billion people are living in
countries experiencing high levels of water stress [19]. As populations grow, so does the
demand for water, further straining already limited resources. The overextraction of
groundwater, inefficient agricultural practices, and climate change-induced droughts are
depleting freshwater supplies faster than they can be replenished [20]. Ancient
civilizations, such as those in Mesopotamia and India, faced similar challenges but
developed irrigation and water management systems that maximized water efficiency.
The ganat system—an ancient method used in Persia and the Middle East to transport
groundwater to arid regions—is a prime example of a sustainable technique that
conserved water while meeting the needs of growing populations [21]. Modern cities in

water-scarce regions, such as the Middle East and North Africa (MENA), could adapt
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these practices by incorporating groundwater recharge systems and efficient irrigation
techniques to sustainably manage limited water resources. In addition, the use of
stepwells in ancient India, which allowed for the collection and storage of rainwater
during the monsoon season for use in dry periods, could be adapted in modern water-
scarce cities through the implementation of urban water storage systems and reservoirs
that increase resilience to drought [22]. These systems provide valuable lessons in how
cities can reduce water waste and improve water security by utilizing locally available
water resources more effectively [23].

The challenges posed by climate change, urbanization, and water scarcity are reshaping
the way in which cities approach water management in the Anthropocene. While modern
technology has made significant advancements in infrastructure, ancient water
management practices—developed by civilizations that faced similar environmental
pressures—offer time-tested solutions that can be adapted to meet contemporary needs.
By integrating ancient practices such as rainwater harvesting, flood control, and water
conservation with modern green infrastructure and nature-based solutions, cities can
enhance their resilience to climate impacts and ensure sustainable water management for

future generations [24].

5.3 Adapting Ancient Water Management Techniques to Modern Climate
Challenges

Sustainable water management practices have long been important. Ancient civilizations
developed sophisticated techniques for controlling and distributing water, which were
essential for both urban sustainability and the survival of growing populations. These
early systems reflect an inherent understanding of the delicate balance between human
needs and the natural environment, as well as the long-term consequences of water
scarcity, flooding, and resource depletion [25]. By studying these ancient water
management practices, modern cities can glean valuable insights for managing urban
water challenges in the Anthropocene, where climate change and rapid urbanization
demand innovative and sustainable approaches. One of the earliest examples of urban
water management comes from Mesopotamia, where irrigation systems were central to
the region’s agricultural success. The Tigris and Euphrates rivers provided water, but their
annual flooding could bring either life or destruction. To harness these water resources
effectively, ancient Mesopotamians developed an intricate network of canals, dikes, and

levees to control the flow of water for agricultural irrigation and flood protection [26].
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These systems were crucial for the sustainability of large urban centers such as Babylon,
which relied on agricultural productivity to support growing populations. However, the
overuse of these irrigation systems led to long-term soil salinization due to the high
evaporation rates in the arid climate, insufficient drainage systems, and the continued use
of river water containing dissolved salts [27]. Despite these problems, Mesopotamian
practices offer lessons in how water systems can be integrated into urban planning,
balancing human water needs with environmental considerations. Similarly, the Romans
are renowned for their extensive and efficient urban water management systems,
particularly their aqueducts, which supplied water to cities across the Empire [28]. These
aqueducts, built from the 4th century B.C. onwards, were monumental in scale, capable
of transporting vast quantities of water over long distances to meet the needs of urban
populations. Rome itself had 11 aqueducts that provided water for drinking, public baths,
fountains, and irrigation. The Roman approach to water management was highly
advanced, emphasizing sustainability and reliability. Roman engineers built cisterns and
reservoirs to store excess water for times of drought, and they integrated drainage systems
to manage stormwater and prevent flooding [29]. The fact that some Roman aqueducts,
such as the Aqua Virgo, are still functioning today speaks to the durability and long-term
vision behind their design. These ancient techniques remain relevant as modern cities
grapple with urban water scarcity and the need for robust infrastructure.

In ancient India, rainwater harvesting and stepwells were critical methods of water
management, particularly in regions prone to seasonal rainfall variability. The Indus
Valley Civilization (c. 2500 B.C.) built advanced drainage systems and water storage
tanks that allowed urban centers such as Mohenjo-Daro to thrive in an otherwise arid
environment [30,31]. These cities were designed with an intricate network of sewers and
wells, which ensured that water was conserved, reused, and directed where needed most.
Additionally, the use of stepwells—elaborate structures that allowed access to
underground water sources—was common in India, especially in areas with scarce
rainfall. These systems enabled sustainable water to be used by storing water during the
monsoon season for use during drier periods [32]. The principles of water conservation
and resource efficiency seen in ancient India are increasingly being revisited today as
cities face similar challenges of water scarcity and the need for rainwater harvesting
solutions [33]. Ancient China also developed advanced water management techniques to
control seasonal flooding and irrigate agricultural fields. The Dujiangyan Irrigation

System, built around 256 B.C. in Sichuan Province, is one of the most remarkable
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examples of ancient hydraulic engineering [34,35]. This system was designed to manage
the Min River’s flow without the need for dams, using a series of channels and levees to
divert excess water during floods while maintaining a stable water supply for agriculture.
The Dujiangyan system is still in use today and stands as a testament to sustainable water
management. Its design minimized environmental disruption while providing
uninterrupted water to surrounding farmlands, contributing to the long-term sustainability
of the region [36]. The balance between flood control, irrigation, and environmental
preservation seen in this system offers a valuable model for modern urban water
management, particularly in flood-prone areas.

The Maya civilization in Mesoamerica (around 2000 B.C.—1500 A.D.) faced significant
challenges with water availability due to the seasonal nature of rainfall in the region. In
response, the Maya developed a range of water management techniques, including the
construction of reservoirs, cisterns, and channels to capture and store rainwater [37].
These systems were critical for supporting large urban populations in regions that lacked
permanent rivers. The Maya’s use of water storage technologies reflects an early
understanding of climate variability and the need for resilient infrastructure. As cities
around the world face growing concerns of water scarcity and climate change, ancient
Mayan techniques provide a model for contemporary water storage solutions in urban
areas [38]. Ancient civilizations developed a wide array of water management practices
to ensure the sustainability of their urban centers, from the complex irrigation networks
of Mesopotamia to the monumental aqueducts of Rome and the innovative rainwater
harvesting techniques of the Maya. These systems not only supported the day-to-day
needs of their populations but also reflect a sophisticated understanding of environmental
constraints and the long-term consequences of unsustainable practices. By revisiting these
ancient approaches, modern urban planners and policymakers may find valuable

strategies for addressing the water-related challenges of the Anthropocene [39].

5.4 Ancient Water Management Systems and Modern Green Infrastructure:
Building Resilience in the Anthropocene

Climate change has significantly impacted the applicability and effectiveness of ancient
water management methods, while simultaneously presenting new opportunities for
adaptation. Ancient techniques -such as Roman aqueducts, Mayan rainwater harvesting
systems, and Mesopotamian irrigation- were highly effective at addressing the water

needs of their time. However, modern climate conditions, characterized by increased
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variability in precipitation, more frequent droughts, and intense storms, introduce
challenges that these systems were not designed to handle [40]. Ancient water
management systems relied on predictable seasonal rains or consistent river flows, but
the erratic weather conditions caused by climate change -such as prolonged droughts or
sudden, intense rainfall- have been straining these historical systems [41].

Despite these challenges, modern technologies offer ways to enhance the resilience of
ancient techniques. For example, Mayan rainwater harvesting systems and Roman
aqueducts, which were designed for more stable climates, can be adapted with water level
sensors and sophisticated storage solutions that address the extremes of contemporary
weather patterns [42]. In addition, drought resilience can be improved by decentralizing
water storage, as demonstrated by Los Angeles’ groundwater recharge projects, which
mimic ancient decentralized systems by spreading out water management and reducing
the risk of total system failure [43]. Singapore’s success in adapting water recycling
technologies—such as its NEWater program—illustrates how ancient storage methods
can be adapted to modern contexts, ensuring water security during extended droughts and
shortages [44].

Similarly, flooding and sea-level rise present substantial challenges, particularly in
coastal regions, where ancient water management systems such as canals and cisterns
face the threat of inundation. Ancient flood management systems, such as those in the
Indus Valley or ancient Mesopotamia, were designed primarily for riverine flooding.
However, they are not as effective in handling the unprecedented sea-level rise and storm
surges caused by climate change [45]. Modern flood management strategies, such as the
Netherlands’ Room for the River initiative, were inspired by ancient methods but were
adapted to manage higher sea levels and more extreme flooding [46]. Furthermore, the
revival of ancient techniques such as the Aztec chinampa system in Mexico City
showcases how traditional methods of wetland restoration can improve flood protection
and water storage in urban areas [47].

A related climate challenge is the increase in temperatures and evaporation rates, which
affect the functionality of open-air canals and reservoirs commonly used in ancient
systems. In arid regions such as Mesopotamia and parts of the Roman Empire, large open
water storage systems were once feasible, but higher evaporation rates under modern
temperatures render these systems less viable [48]. Cities today are responding by
adapting these systems with closed or covered water reservoirs and using underground

pipelines that reduce evaporation while conserving water. These adaptations can be
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further enhanced with renewable energy technologies that improve sustainability [49]. By
incorporating evaporation control technologies and automated systems to regulate water
release based on weather patterns, ancient water management systems can continue to be
effective even in hotter climate [50,51].

Another pressing issue for modern cities is the challenge of increased water demand due
to population growth. Ancient water systems were typically designed for much smaller
populations, and, while they were innovative for their time, such as the Roman aqueducts,
they are not sufficient for today’s megacities. Nonetheless, ancient methods offer scalable
solutions when integrated with modern technologies. For example, cities such as
Singapore have expanded on ancient rainwater harvesting techniques, incorporating smart
water management tools to efficiently manage water resources in densely populated areas
[52]. By combining ancient techniques with modern water efficiency technologies such
as precision irrigation and water monitoring sensors, cities can scale these systems to
meet the growing demands of urban populations.

Resilience to extreme weather events is another area where ancient water management
systems can provide valuable lessons. Floods, droughts, and heatwaves are becoming
more frequent and severe due to climate change, and ancient systems -when adapted to
modern conditions- can help cities create more resilient water management infrastructures
[53]. Enhancing water storage capacities, decentralizing water systems, and integrating
modern technology with ancient practices offer pathways to sustainable water
management in the Anthropocene.

The exploration of both ancient water management systems and modern green
infrastructure initiatives highlights how cities can build resilience in the face of climate
change. Ancient civilizations such as the Romans, Maya, Mesopotamians, and ancient
Chinese developed highly effective water management systems that ensured urban
resilience by aligning with natural hydrological cycles. These systems maximized water
efficiency, allowing large urban populations to access water resources without depleting
their environments. Roman aqueducts, for example, transported water over long distances
while incorporating decentralized storage and redistribution, demonstrating the foresight
of managing water resources in a way that accommodated urban growth. At the moment,
these historical lessons are more relevant than ever as cities face growing vulnerability to
climate change. Practices such as decentralized water collection and natural flood control
-which were intrinsic to ancient systems- are being adapted to meet modern challenges.

The resilience embedded in these ancient methods, which align with natural hydrological
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cycles, is central to modern nature-based solutions [54]. For example, modern green
infrastructure solutions such as rain gardens, bioswales, green roofs, and permeable
pavements have been successfully implemented in cities such as Copenhagen, Singapore,
Mexico City, Los Angeles, and Philadelphia. These systems mimic the ecological
functions of ancient water management practices, helping to manage stormwater, reduce

urban flooding, and improve water quality (Table 1).

Table 1. Comparison of water management approaches in selected cities.

Ancient

. t . M
City Cl‘:: ?1:1: o Technique A daoc:::il(l)n Outcome
g Applied P
Mayan Rainwater .
. Water ramwater . Improved water security
Singapore scarcity harvestin harvesting and recyclin
& infrastructure yelng
systems
Urban Dujiangyan Green.lnfrastructure Reduced flood risk and
Copenhagen . flood control (rain gardens,
flooding ] stormwater management
system bioswales)
. Water . . .
Mexico . Aztec chinampa  Restored chinampas  Increased water retention
. scarcity and . L
City . system for farming and urban sustainability
pollution
Enhanced groundwater
Los Roman Decentralized water recharge and reduced
Drought .
Angeles aqueducts systems reliance on external
sources
Combined Green roofs and Reduced stormwater
Philadelphia sewer Roman cisterns permeable runoff and improved
overflows pavements water quality

In addition to water management, these green infrastructure solutions enhance urban
livability by mitigating the urban heat island effect, improving biodiversity, and providing
recreational spaces. The multifunctionality of green spaces creates sustainable urban
ecosystems that benefit both human populations and the natural environment [55]. This
dual functionality is essential for urban resilience, as these spaces reduce the physical
impacts of climate change, such as flooding and heat, while simultaneously improving
the wellbeing of residents.

Moreover, green infrastructure offers cost-effective and scalable solutions. Studies show
that the long-term benefits of bioswales, rain gardens, and permeable pavements -such as
flood reduction and pollution control- outweigh their initial investment costs. By

integrating these systems into the broader urban landscape, cities can reduce their
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dependence on centralized water infrastructure, minimize their vulnerability to extreme
weather, and promote water conservation [56]. The use of decentralized water systems,
such as neighborhood-level rainwater harvesting or localized water recycling plants,
ensures the availability of water even during infrastructure disruptions caused by climate-
induced challenges. Singapore’s NEWater program exemplifies how decentralized
systems can address both water scarcity and environmental concerns by efficiently
reusing water, offering a model for modern cities [57].

In conclusion, while climate change presents significant challenges to ancient water
management techniques, it also provides opportunities for innovation and adaptation. By
integrating these time-tested methods with modern technologies and urban planning
strategies, cities can harness the potential of these ancient practices to build more resilient,
sustainable, and climate-adaptive water management systems that address the realities of
the Anthropocene. The lessons learned from both ancient and modern approaches can
help shape the future of urban water management, ensuring that cities are equipped to

meet the demands of a changing world.

Figure 1 illustrates the locations of ancient civilizations and modern cities that integrate ancient water

management practices

Figure 1. Locations of both ancient civilizations (blue marker) and modern cities (red marker)
interconnected by water management practices.

In conclusion, this study demonstrates that ancient water management practices offer
valuable insights for creating sustainable and resilient urban water systems. By
integrating nature-based solutions and decentralized water systems, modern cities can

address the challenges posed by urbanization and environmental pressures. Moving
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forward, adopting these strategies offers a pathway to balancing human needs with
ecological sustainability, thereby ensuring a more resilient urban future.

The modern cities considered as case studies remind us that integrating historical lessons
with modern innovations can provide crucial blueprints for water security. As we face
increasingly unpredictable climate, the examples of these urban centers show how
technological advancement, public engagement, and a deep respect for ecological limits

are essential in addressing contemporary water challenges in the Anthropocene.

* This chapter has been developed into an international academic publication, featured in the Special
Issue of the journal Land, highlighting its contribution to the field of environmental restoration and
sustainable land management.

https://doi.org/10.3390/land13111948
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6. CHAPTER 5. Ancient Wisdom and Modern Tourism”

6.1 Ancient Greek and Roman Perspectives on Travel and Sustainability

The term “tourism” originates from the Latin word tornare, meaning “to turn”, and the
Greek term “tornos”, referring to a circular movement or journey, symbolizing the act of
traveling and returning to a starting point [1]. Over centuries, the concept of tourism has
evolved into a complex global phenomenon, encompassing leisure, business, cultural
exchange, and personal exploration [2]. The UNWTO defines tourism as “the activities
of persons traveling to and staying in places outside their usual environment for leisure,
business, or other purposes for not more than one consecutive year” [3]. This definition
highlights the transient nature of tourism, its connection to diverse motivations, and its
significant economic, social, and cultural impacts. Tourism today stands at a critical
juncture, balancing its potential for economic growth and cultural exchange with the
pressing need to address environmental and social sustainability [4].

Sustainability, as originally defined in the Brundtland Report (1987), refers to “meeting
the needs of the present without compromising the ability of future generations to meet
their own needs” [5]. Over time, this concept has expanded to encompass three key
dimensions: environmental, economic, and social sustainability. In the context of tourism,
these dimensions translate into preserving natural ecosystems, respecting local cultures
and communities, and ensuring the long-term economic viability of destinations.
Sustainable tourism emphasizes minimizing environmental footprints, supporting local
economies, and fostering meaningful cultural exchanges [6].

However, achieving sustainability in tourism is inherently complex. While tourism drives
economic development and fosters cultural exchange, it often imposes significant
environmental and social costs, such as over-tourism, resource depletion, and cultural
commodification [7,8]. Climate change further amplifies these challenges,
disproportionately affecting destinations that rely on fragile ecosystems and exposing the
vulnerabilities of local communities [9,10]. To mitigate these impacts, tourism must
transition from short-term economic priorities to a more holistic model that integrates
sustainability at its core. In fact, while destinations benefit from tourism’s contributions—
such as infrastructure development and job creation—its negative impacts, including
over-tourism, climate change, and resource degradation, threaten the very landscapes and
cultural sites travelers seek to experience. This dual challenge demands innovative,
interdisciplinary approaches to ensure that tourism evolves into a mindful and sustainable

practice [11,12]. This study examines tourism not merely as an economic activity but as
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a cultural and environmental phenomenon, offering a platform to bridge ancient wisdom
with modern sustainable tourism frameworks. By revisiting classical principles of travel
and hospitality found in ancient Greek and Roman texts, this review addresses a unique
gap in sustainable tourism research: the integration of ancient Greek and Roman
perspectives into contemporary tourism frameworks. For the purposes of this study,
‘ancient’ refers to the cultural, geographical, and historical contexts of classical Greek
and Roman civilizations (8th century BCE-3rd century CE). These societies offer
foundational ethical and philosophical principles related to travel, land stewardship, and
community engagement that continue to influence contemporary thought and practice
[13]. Classical societies such as Greece and Rome offer profound insights into
stewardship, intentional travel, and ethical land use. Works such as Homer’s Odyssey,
Virgil’s Georgics, and Pausanias’ Description of Greece reflect values of balance,
reciprocity, and respect for nature and heritage. These principles align closely with
modern sustainability goals and provide actionable lessons for addressing the challenges
of tourism today.

The ancient Greek inscription “Gnothi seauton” (“Know Thyself”), carved on the Temple
of Apollo at Delphi, serves as both a spiritual and intellectual call to introspection and
exploration [14,15]. For the ancients, this Delphic maxim transcended self-reflection,
inspiring journeys—both literal and metaphorical—that expanded understanding of the
world and one’s place within it [16]. Pilgrimages to Delphi were transformative
experiences, blending encounters with divine wisdom, cultural immersion, and a
profound connection to the natural landscape of Mount Parnassus [17]. This ethos of
travel, rooted in mindfulness, intentionality, and respect for the environment, continues
to resonate in the modern concepts of slow tourism and eco-tourism.

Slow tourism embodies principles of mindfulness and purposeful travel reminiscent of
ancient pilgrimage traditions [18]. Pilgrimages such as the Camino de Santiago or the
sacred treks to Mount Kailash emphasized deliberate, reflective journeys that fostered
spiritual growth, environmental respect, and communal engagement. Today, slow tourism
encourages immersive, low-impact travel that supports local economies and cultural
preservation. For example, walking the Camino de Santiago provides travelers with
opportunities to step away from modern distractions, rediscover a sense of purpose, and
connect deeply with local cultures and landscapes [19]. Similarly, destinations such as
the Italian village of Alberobello, a UNESCO World Heritage site, promote slow tourism

by encouraging visitors to engage with its unique trulli architecture through guided
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workshops and cultural experiences. These initiatives generate sustainable income for
local artisans and families while aligning with Sustainable Development Goal 12
(Responsible Consumption and Production) by prioritizing local goods and reducing
resource strain on urban hubs [20]. These practices reflect the ancient value of intentional
travel, transforming tourism into a meaningful and ethical endeavor.

Eco-tourism draws on ancient traditions of environmental stewardship, such as those
found in Virgil’s Georgics, which celebrate the harmony between humanity and nature.
Programs such as Namibia’s community-based conservancies embody these principles
by empowering local communities to manage tourism revenue while protecting
biodiversity, contributing to Sustainable Development Goal 15 (Life on Land) [21,22].
Similarly, Bhutan’s eco-tourism initiatives align with the ancient Greek reverence for
nature, allowing travelers to explore protected Himalayan landscapes while supporting
conservation and local communities. Indigenous philosophies, such as the Native
American “Seventh Generation” principle, provide additional insights into eco-tourism’s
long-term sustainability [23]. These practices encourage tourism operators to prioritize
environmental and cultural preservation over short-term gains. For example, integrating
long-term impact assessments based on this philosophy can help prevent greenwashing
and ensure that eco-tourism initiatives genuinely benefit ecosystems and host
communities [24,25].

While slow tourism and eco-tourism offer transformative alternatives to mass tourism,
they face limitations such as accessibility, greenwashing, and commercialization. Slow
tourism, for instance, may be less feasible for travelers with limited time or financial
resources, while eco-tourism can sometimes lead to over-commercialization of natural
sites, as seen in Costa Rica’s strained ecosystems in popular hotspots (UNWTO, 2022).
Ancient wisdom provides tools for addressing these challenges. Pilgrimage traditions can
inspire slow tourism initiatives to focus on purposeful, reflective travel, incorporating
rituals, storytelling, or community-led activities to deepen traveler engagement and foster
shared responsibility for preserving destinations [26]. Similarly, eco-tourism can draw on
the Maori concept of “kaitiakitanga” (guardianship of the land) to ensure that tourism
initiatives benefit local communities and ecosystems rather than exploiting them [27,28].
By weaving ancient wisdom into modern tourism frameworks, slow tourism and eco-
tourism can address critical shortcomings of mass tourism while fostering sustainability,
resilience, and ethical engagement. Slow tourism reduces the strain on urban centers and

channels resources to underserved regions, enhancing community well-being [29]. Eco-
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tourism, grounded in environmental respect and reciprocity, has the potential to restore
ecosystems and empower marginalized communities [30].

Ancient Greek and Roman texts are particularly well-suited to addressing today’s
sustainability challenges in tourism due to their enduring ethical frameworks, focus on
harmony with nature, and timeless reflections on human relationships with landscapes
and communities [31]. These texts emerged in societies that depended heavily on land
stewardship, resource management, and a balanced relationship with the natural world,
which are key concerns in modern sustainability discourse. Works such as
Virgil’s Georgics reflect a deep understanding of nature’s cyclical processes,
emphasizing moderation, harmony, and sustainable use of resources [32]. In the face of
overexploitation and environmental degradation in modern tourism, such principles offer
a philosophical foundation for ethical resource management and eco-tourism practices.
Unlike modern policies that often prioritize short-term economic gains, these texts
promote long-term sustainability, rooted in respect for natural systems.
Homer’s Odyssey presents travel not as a means of consumption but as a transformative
process of self-discovery, cultural exchange, and respect for host communities [33]. This
aligns directly with modern calls for “slow tourism”, which encourages travelers to
engage meaningfully with destinations and reduce the environmental impact of mass
tourism. Such ancient ideals remind us that travel can serve a greater purpose beyond
leisure and economic exchange. Pausanias’ Description of Greece highlights the
sacredness of cultural sites and landscapes, emphasizing their spiritual and communal
importance [34,35]. In contemporary tourism, this perspective aligns with the need to
preserve cultural heritage sites, not merely as tourist attractions but as places of cultural
identity and historical significance. The Greek concept of xenia (reciprocal hospitality)
underscores the ethical importance of mutual respect between hosts and guests. This
principle finds modern expression in community-based tourism (CBT) models [36], such
as Namibia’s conservancies, where local communities manage tourism activities and
reinvest profits into conservation and local development. These initiatives reflect the
reciprocity inherent in xenia, ensuring shared benefits while empowering local
stakeholders. Ancient texts thus provide insights into how tourism can foster cultural
respect and heritage conservation. The sustainability principles embedded in these texts—
balance, moderation, reciprocity, and reverence for nature—transcend their historical
context. Although written in agrarian societies, these values resonate strongly with

today’s need to combat climate change, over-tourism, and resource depletion. Their
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universality allows them to be reinterpreted and applied to modern frameworks, serving
as a guide to balance economic benefits with ecological and cultural responsibility. By
drawing on ancient literature, we access a repository of ethical and practical knowledge
that remains highly relevant to modern tourism [37,38]. These texts encourage us to
reimagine tourism as a mindful, reciprocal, and sustainable endeavor—values that are
critical for addressing the industry’s current global challenges.

Modern travelers can reinterpret the ancient call to “know thyself” through these mindful
tourism models. Whether walking historic pilgrimage routes, participating in cultural
exchanges, or exploring eco-conscious destinations, travelers can engage in
transformative experiences that honor both the environment and cultural heritage. These
approaches align with the timeless principles of mindful travel, environmental
stewardship, and mutual respect, offering a path toward a tourism future that enriches
destinations rather than depleting them.

While ancient texts provide enduring ethical frameworks, the broader concept of human—
nature relations that they explore connects deeply to modern tourism practices. Classical
works such as Virgil’s Georgics and Hesiod’s Works and Days emphasize stewardship,
moderation, and the cyclical harmony between humanity and the natural world. These
principles provide a philosophical foundation for addressing contemporary tourism
challenges, such as resource depletion, climate change, and over-tourism [39]. The
universality of these ideas allows them to be translated into actionable strategies that align
with the principles of eco-tourism, slow tourism, and community-based tourism.

To ground these concepts within tourism, it is necessary to define how travel and tourism
are understood in the context of this study. Travel, as exemplified in Homer’s Odyssey,
is conceptualized as a transformative process, blending personal growth, cultural
immersion, and a respect for host communities. Tourism, drawing from the UNWTO’s
definition, refers to structured activities involving movement to and stays in places
outside one’s usual environment. This study examines tourism not just as an economic
activity but as a broader cultural and environmental system, encompassing the
interactions between travelers, destinations, and local communities.

The borders of tourism’s impact extend beyond its immediate economic benefits,
influencing cultural preservation, environmental conservation, and social equity. By
framing tourism as a phenomenon rooted in human—nature and cultural relations, this
study connects ancient ethical principles with modern sustainability goals. These

frameworks provide guidance for navigating tourism’s challenges, including the
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commodification of cultural sites, environmental strain, and inequitable development,
while encouraging practices that foster cultural respect, ecological balance, and

community well-being.

6.2 Hospitality in the Ancient Greek and Roman World: A Foundation for
Respectful Travel

The concept of hospitality (xenia in Greek, hospitium in Latin) played a pivotal role in
ancient cultures, shaping the responsibilities and ethics associated with travel [40,41]. In
Homeric society, xenia was not merely a social custom, but a sacred obligation overseen
by Zeus Xenios, the protector of travelers and guests [42]. Similarly, Roman society
institutionalized hospitium, formalizing reciprocal relationships between hosts and guests
through alliances and moral obligations [43].

These systems were deeply intertwined with cultural and religious values, ensuring that
hospitality was not just a transactional act but a profound expression of shared humanity.
Today, the principles of xenia and hospitium resonate with modern sustainable tourism
practices, emphasizing cultural respect, environmental stewardship, and reciprocal
engagement [44]. In Homer’s Odyssey, xenia serves as both a narrative device and a
moral framework, illustrating the ethical responsibilities of travelers and hosts. When
Odysseus is shipwrecked in Phaeacia, he is welcomed by Queen Arete and King Alcinous,
who provide food, shelter, and safe passage home without expectation of reward. Their
actions epitomize ideal hospitality, as articulated by King Alcinous:

“Stranger, I am not one to distrust or dismiss a suppliant. All strangers and beggars are
from Zeus, and a gift, though small, is friendly” [33,45].

This ethos of generosity and mutual respect reflects values central to slow tourism, which
prioritizes meaningful connections with host communities and emphasizes support for
local economies [46]. For example, slow tourism initiatives in Italy’s Alberobello
encourage travelers to engage deeply with the region’s trulli architecture through
workshops and guided experiences, generating sustainable income for local artisans and
preserving cultural heritage [20,47]. By promoting local goods and services, slow tourism
also aligns with Sustainable Development Goal 12 (Responsible Consumption and
Production) [48], reducing over-tourism in urban hubs while fostering regional resilience.
The Odyssey also highlights the consequences of neglecting hospitality. Polyphemus the

Cyclops rejects xenia entirely, treating Odysseus and his crew with cruelty, while the
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suitors in Odysseus’ home exploit his resources without reciprocation [49]. These
violations of hospitality parallel modern challenges in tourism, such as over-tourism and
cultural exploitation, where travelers consume local resources without regard for their
impact on host communities. By drawing on the lessons of xenia, sustainable tourism
models can emphasize reciprocal benefit, ensuring that travelers contribute positively to
the destinations they visit [50].

In Roman society, hospitium formalized hospitality as a reciprocal agreement between
hosts and guests, often extending across generations or political alliances. Cicero, in De
Officiis (“On Duties”) underscores the moral duty of kindness and fairness, stating,
“There is no duty more imperative than ensuring that those who come into our homes, or
our lands, are treated with the respect and generosity owed to them as human beings”
[51]. This ethos parallels eco-tourism’s emphasis on respect for the natural and cultural
resources of a destination. Just as Zeus Xenios protected travelers and enforced their
ethical behavior, eco-tourism initiatives focus on conserving natural landscapes while
ensuring that travelers engage responsibly. For example, Namibia’s community-managed
conservancies generate eco-tourism revenue that supports both wildlife conservation and
local livelihoods, embodying principles of mutual benefit and aligning with Sustainable
Development Goal 15 (Life on Land) [52,53].

While these ancient ideals provide a valuable ethical framework, they were not
universally inclusive. Hospitality in ancient Greece and Rome often prioritized elites or
those with political or economic influence, leaving marginalized groups excluded from
its benefits. Similarly, modern tourism faces challenges of inequity, as slow tourism often
requires significant time and financial resources, and eco-tourism initiatives can
inadvertently commercialize natural sites or perpetuate economic disparities through
greenwashing [54]. To address these gaps, sustainable tourism can integrate lessons from
ancient practices while prioritizing inclusivity. For instance, Indigenous philosophies
such as the Native American “Seventh Generation” principle, which considers the long-
term impacts of today’s decisions, can inform eco-tourism policies that ensure equitable
and sustainable outcomes for local communities [55,56].

Actionable adaptations of xenia and hospitium could further enhance modern tourism
models. Slow tourism could incorporate storytelling and rituals inspired by ancient
traditions, fostering deeper connections between travelers and hosts. For example, guided
cultural exchanges or participatory activities—such as cooking local meals or learning

traditional crafts—can evoke the reciprocal spirit of ancient hospitality while promoting
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cultural preservation. Similarly, eco-tourism programs could draw from Indigenous
practices of environmental stewardship, ensuring that tourism revenue is reinvested in
local conservation and education initiatives.

By weaving ancient principles of hospitality into slow tourism and eco-tourism
frameworks, modern travel can transcend its exploitative tendencies and foster a culture
of respect, sustainability, and mutual benefit. Hospitality, as understood in the Greek and
Roman worlds, was not simply an exchange of goods or services but a moral and cultural
obligation rooted in the recognition of shared humanity [40,43]. In embracing this ethos,
sustainable tourism can serve as a bridge between past and present, enabling travelers to
connect meaningfully with both the people and the places they encounter. With thoughtful
adaptation, these ancient ideals can provide practical solutions to the challenges of over-
tourism, inequity, and environmental degradation, creating a travel culture that enriches
both visitors and destinations alike.

To further explore the relationship between ancient practices and modern tourism models,
it is insightful to examine how key principles from historical traditions align with
contemporary approaches. Ancient civilizations, such as those of Greece and Rome,
embedded sustainability, reflection, and hospitality into their cultural fabric. These values

remain highly relevant in addressing the challenges faced by the tourism industry today.

6.3 Bridging Ancient Wisdom with Sustainable Tourism Models

Tourism, one of the most dynamic global industries, is at a pivotal moment. Balancing
economic growth with environmental sustainability and community well-being has
become an urgent imperative [57]. In an era defined by climate change, over-tourism, and
the degradation of cultural and natural heritage, tourism must evolve to address its far-
reaching impacts. Destinations worldwide, from fragile ecosystems such as the Maldives
to iconic urban centers such as Venice and Barcelona, are grappling with the
consequences of rapid tourism expansion [58]. These include environmental stress,
strained infrastructure, and the loss of cultural authenticity (UNWTO, 2022) [59]. Such
challenges demand that tourism is reimagined not as an extractive force, but as a mindful,
equitable practice that fosters harmony between people and the planet.

To chart a sustainable path forward, integrating ancient principles of respect,
intentionality, and stewardship into modern tourism frameworks offers transformative

potential. Classical texts such as Homer’s Odyssey and Virgil’s Georgics emphasize
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themes of purposeful travel and harmony with nature. For example, the Odyssey portrays
journeys as transformative experiences of self-discovery and connection with place, while
the Georgics celebrate the rhythms of sustainable land use, urging humans to cultivate
rather than exploit nature. These timeless insights resonate with Indigenous philosophies
of Native Americans, which emphasize reciprocity and coexistence with the environment.
As Hesiod cautions in Works and Days, “Nature’s generosity is finite and must be met
with care” [60].

Modern tourism can benefit from this wisdom, reframing itself as a practice of reciprocity,
conservation, and cultural preservation. For example, the principles of xenia align closely
with community-based tourism, which prioritizes mutual benefit and respect between
visitors and hosts [61]. Similarly, eco-tourism initiatives draw directly from the ancient
and Indigenous values of Native Americans of environmental stewardship, encouraging
low-impact travel that supports conservation efforts [62].

Technology also plays a vital role in this evolution, amplifying the principles of reflection,
sustainability, and inclusivity. Alongside ancient values, technological advancements
offer innovative pathways to align tourism with sustainability [63].

Virtual tourism, for instance, provides access to fragile cultural and natural heritage sites
without physical strain, addressing the challenges of over-tourism and environmental
degradation [64,65]. Digital tools can enhance visitor education, fostering a deeper
understanding and appreciation of local ecosystems and traditions. Moreover, platforms
that promote slow travel or agritourism reflect seasonal rhythms and sustainable practices,
echoing Hesiod’s ethos of harmony with natural cycles.

Ancient Greek and Roman principles, such as ethical land stewardship, transformative
travel, and reciprocal hospitality, can be integrated into contemporary sustainable tourism
practices. Each example draws parallels between classical ideas and modern initiatives,
illustrating their concrete application in addressing tourism challenges such as over-
tourism, cultural degradation, and environmental conservation. The Odyssey portrays
travel as a transformative experience, emphasizing deliberate movement, meaningful
engagement with destinations, and respect for the hosts and environments encountered.
Odysseus’ journey embodies the values of intentionality and personal growth, aligning
with the goals of slow tourism [66]. The Camino de Santiago in Spain, a popular slow
tourism initiative, reflects the values of ancient pilgrimage. Pilgrims are encouraged to
travel by foot or bicycle, interact with local communities, and reflect on their journey’s

purpose. This reduces the environmental impact of tourism while promoting cultural
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preservation and deeper traveler engagement. Like the Odyssey, where travelers interact
with local cultures and landscapes, the Camino fosters an immersive experience that
aligns with principles of environmental respect and cultural exchange [67].
Virgil’s Georgics highlights sustainable land use, emphasizing harmony with nature and
responsible resource management. The text warns against overexploitation and promotes
practices that ensure long-term agricultural and ecological balance. Namibia’s
community-based conservancies empower local communities to manage eco-tourism
revenue and protect biodiversity. By fostering environmental stewardship and reinvesting
in conservation, these programs reflect Virgil’s principle of balancing human activity
with nature. Bhutan’s low-impact tourism model charges a sustainability fee for tourists,
directly funding conservation efforts and protecting its fragile ecosystems [68]. Both
cases embody the Georgics’ ethos of reciprocity between humans and nature, where
tourism benefits local communities while conserving the environment for future
generations.

Pausanias’ Description of Greece emphasizes the sacredness of cultural sites, describing
landscapes such as Delphi and Olympia as spaces intertwined with spiritual and cultural
identity. These descriptions highlight the importance of preserving not only the physical
sites but also their cultural narratives and significance. The preservation and interpretation
of Delphi as a UNESCO site incorporates local narratives, ensuring visitors understand
its cultural and spiritual significance. In southern Italy, the preservation of
Alberobello #rulli architecture reflects a balance between tourism and cultural identity,
aligning with Pausanias’ emphasis on protecting cultural uniqueness [69]. Visitors are
encouraged to engage with local traditions through workshops and guided tours. These
practices echo Pausanias’ approach by integrating storytelling and sacred narratives into
tourism experiences, fostering respect for cultural heritage. The concept of xenia (Greek)
and hospitium (Roman) emphasized reciprocal hospitality, where both guests and hosts
shared mutual responsibilities. Hospitality was not transactional but rooted in trust,
respect, and cultural exchange. Japan’s Satoyama initiatives reconnect rural communities
with travelers, allowing visitors to participate in local farming, craft-making, and cultural
traditions [70]. The emphasis is on mutual benefit, where hosts share their heritage while
travelers support the local economy and learn sustainable practices.

This mirrors xenia as described in the Odyssey, where hospitality extends beyond
material exchange to include cultural enrichment and mutual respect. Hesiod’s Works and

Days emphasizes moderation and responsible use of resources, cautioning against
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overexploitation and promoting seasonal balance in agricultural and human activity.
Machu Picchu Visitor Caps is a program to reduce overcrowding and environmental
degradation where visitor numbers to the site are strictly limited [71]. Similarly, guided
paths restrict physical damage to sensitive areas while enhancing the visitor experience
through education. This aligns with Hesiod’s advocacy for limits and sustainable cycles,
ensuring long-term preservation of resources. The principle of balance in Works and
Days directly informs practices that curb over-tourism and prioritize conservation. To
enhance the relevance of these comparisons, tourism planners can integrate local
storytelling into site management, reflecting Pausanias’ emphasis on cultural narratives.
They can adopt community-based models, inspired by xenia, to ensure equitable benefits
for local populations and can enforce visitor limits at fragile sites, mirroring Hesiod’s
principles of moderation.

This comparative approach demonstrates how ancient principles can be translated into
actionable strategies, offering sustainable solutions for the challenges facing
contemporary tourism. The integration of ancient values with modern innovation offers
actionable pathways for tackling global challenges such as climate change, over-tourism,
and cultural erosion [72]. By weaving these timeless principles into modern tourism
frameworks, the industry can transcend its exploitative tendencies, fostering a culture of
mindfulness, equity, and sustainability. Thoughtful adaptation of these values not only
protects the planet but also honors the human tradition of meaningful exploration. As
tourism embraces this transformation, it holds the potential to become a force for global
good, enriching both the traveler and the world they journey through.

6.1. Virtual Tourism: Innovation for Reflection and Engagement

Virtual tourism provides an innovative avenue for fostering reflection and cultural
engagement without contributing to over-tourism or environmental degradation.
Immersive virtual reality (VR) experiences enable travelers to explore cultural landmarks
and natural wonders remotely, significantly reducing their carbon footprint. For instance,
UNESCO has developed VR tours of heritage sites such as Machu Picchu and the
Acropolis, granting global access to these treasures without physical travel [73].

Virtual tourism mirrors the ancient value of purposeful travel, allowing individuals to
reflect on cultural and natural heritage without the pressures of time or accessibility

constraints.
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o Examples:

e Google Arts & Culture: offers virtual tours of museums and archaeological sites
worldwide, aligning with the principle of knowledge-sharing seen in
Strabo’s Geography.

o Wildlife VR safaris: enable viewers to experience the biodiversity of Africa’s
savannahs, promoting environmental awareness akin to Pliny the Elder’s
reverence for nature (Natural History).

6.2. Smart Destinations: Enhancing Sustainability with loT

Smart destination technology uses the Internet of Things (IoT) to manage tourism
sustainably. Real-time monitoring of visitor numbers, environmental impact, and
resource use allow for adaptive management of sensitive sites. For example, Amsterdam
employs IoT to regulate tourist flows, alleviating pressure on popular attractions while
promoting lesser-known areas [74,75].

Smart destinations embody ancient practices such as Hesiod’s respect for natural cycles
and Pliny’s advocacy for moderation, reflecting strategies that balance resource use with
conservation.

o Examples:

e Barcelona Smart Tourism System: tracks visitor density and energy usage to
balance tourism with the city’s livability.

e Yellowstone National Park: uses sensors to monitor environmental conditions,
aligning with eco-tourism’s emphasis on preserving natural habitats.

6.3. Blockchain for Ethical and Reciprocal Tourism

Blockchain technology enhances transparency in tourism transactions, enabling ethical
practices such as direct payments to local communities and verifiable eco-tourism
certifications. By reducing intermediaries, blockchain aligns with the principle of
reciprocity found in ancient hospitality (xenia), ensuring economic benefits are equitably
distributed to host communities [76].

Blockchain reinforces reciprocity and fairness, central tenets of ancient hospitality,
ensuring mutual benefit between travelers and hosts.

o Examples:

o Winding Tree: a blockchain-based platform that connects travelers directly with

service providers, ensuring fair revenue distribution.
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o Sustainable Travel International: utilizes blockchain to validate eco-
certifications, preventing greenwashing and promoting genuine environmental
stewardship.

6.4. Augmented Reality (AR): Deepening Cultural Engagement

Augmented reality (AR) enhances physical tourism experiences by overlaying digital
information onto real-world settings. By providing historical and cultural context, AR
allows travelers to engage deeply with sites. For instance, ARtGlass brings ancient Rome
to life, offering an immersive experience of its ruins [76].

AR fosters meaningful connections with history and culture, echoing Pausanias’
meticulous documentation of Greek landmarks in his Description of Greece [77,78].

o Examples:

e Pompeii AR Tour: visualizes the city as it was before Vesuvius’ eruption,
blending ancient narratives with modern technology.

o Louvre Lens AR Experience: offers detailed interpretations of artifacts, making
the ancient world accessible and engaging.

Virtual and augmented reality foster reflection and cultural engagement, while blockchain
and IoT enhance transparency and sustainability. Together, these innovations create a
roadmap for addressing the global challenges of climate change, over-tourism, and
cultural erosion. As tourism embraces this transformation, it holds the potential to become
a force for global good, enriching travelers while safeguarding the planet and its diverse
heritage.

6.4 Practical Applications:
- Examples of Slow Tourism and Eco-Tourism Inspired by Antiquity
- Modern Tourism Policies Incorporating Ancient Values

Tourism, one of the most dynamic global industries, faces profound challenges in
balancing economic growth with environmental sustainability and community well-
being. In an era marked by climate change, over-tourism, and the degradation of cultural
and natural heritage, the need for innovative and transformative strategies has never been
more urgent. Destinations worldwide, from fragile ecosystems to bustling urban centers,
are grappling with the consequences of rapid tourism expansion, including environmental
stress, strained infrastructure, and loss of cultural authenticity [79]. These pressing issues
demand a reimagining of tourism, not as a force of consumption, but as a mindful and

equitable practice that respects both people and the planet. Drawing inspiration from
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ancient principles, this framework offers actionable insights to address these challenges
by integrating timeless values into modern tourism practices.

1. Sustainable Land-Use Policies
Inspiration: ancient principles of land stewardship, as seen in Hesiod’s Works and
Days and Virgil’s Georgics, emphasize harmony with nature and cyclical sustainability.
Action: Implement zoning regulations to protect fragile ecosystems and cultural heritage
sites. For example:
oDesignate buffer zones around sensitive areas such as wetlands, forests, and
archaeological sites to limit development.
oPromote eco-lodges and low-impact accommodations within these zones.

e Modern application: Bhutan’s low impact tourism model charges a sustainability

fee, using it to fund conservation efforts.

2.
Equitable Resource Distribution
Inspiration: the Roman concept of ager publicus (public land) highlighted the
importance of shared resources managed for collective benefit.
Action: Develop policies that ensure tourism revenue benefits local communities
equitably. Examples include:
oCommunity-based tourism models that provide direct income to locals through
partnerships with tour operators and businesses.
oTax incentives for tourism businesses that hire locally and invest in community
infrastructure.

e Modern application: Namibia’s community-managed conservancies balance

tourism revenue with conservation and equitable community benefits.

3.
Low-Impact Transportation Networks
Inspiration: the Roman Road system emphasized connectivity and efficiency, providing
a metaphor for sustainable tourism infrastructure.
Action: prioritize investment in low-carbon transportation alternatives, such as:
oExpanding rail networks to connect popular and lesser-known destinations.
oPromoting cycling and pedestrian-friendly infrastructure in tourist hubs.

e Modern application: the European Green Belt initiative promotes eco-tourism

along former Iron Curtain routes, integrating cycling and public transport systems.
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4.
Visitor Management Strategies
Inspiration: ancient principles of balance and moderation reflect the need to manage
tourism demand without exhausting resources.
Action:
oEstablish visitor caps at high-traffic destinations, such as UNESCO sites, to prevent
over-tourism.
oPromote off-season travel and alternative destinations to redistribute visitor flow.
e Modern application: Machu Picchu employs daily visitor limits to reduce
environmental stress while maintaining accessibility also through virtual tours.
5.
Digital Tourism Alternatives
Inspiration: ancient practices of knowledge-sharing, as seen in Pausanias’ Description
of Greece, provide a precedent for virtual engagement.
Action:
oDevelop virtual tourism platforms to provide immersive experiences for cultural and
natural sites, reducing physical strain on destinations.
oUse augmented reality (AR) to enhance on-site visitor experiences while minimizing the
need for disruptive physical developments [80].
e Modern application: Google Arts & Culture offers virtual tours of landmarks
such as the Acropolis, enabling global access without environmental impact.
6.
Community-Centered Tourism
Inspiration: ancient civic responsibility, reflected in Roman land-use policies and
community-oriented practices, underscores the importance of local involvement.
Action:
olnvolve local populations in decision making about tourism development to ensure
alignment with their cultural and environmental priorities.
oCreate participatory tourism experiences, such as cultural workshops, that foster
reciprocal benefits between travelers and hosts.
e Modern application: Japan’s Satoyama initiatives [81] involve rural
communities in tourism by highlighting traditional crafts and agriculture.
7.

Integration of Cultural and Environmental Preservation
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Inspiration: the ethical dimensions of land use in ancient texts highlight the
interdependence of cultural and natural heritage.

Action:

oDesign tourism initiatives that simultaneously protect cultural practices and conserve
natural resources, such as eco-cultural trails.

oAllocate funding from tourism revenue to support both heritage restoration projects and
ecosystem restoration efforts.

e Modern application: Italy’s agri-tourism movement combines cultural
preservation (e.g., traditional farming practices) with sustainable land
management.

8.

Educational Tourism

Inspiration: the pedagogical ethos of ancient travel, as seen in pilgrimages to Delphi or
the works of Strabo, promotes learning and reflection.

Action:

oDevelop educational tourism programs that emphasize environmental awareness,
cultural sensitivity, and the history of the destinations.

oPartner with schools and universities to create curriculum-linked tourism experiences.

e  Modern application: programs such as Iceland’s reforestation tourism involve

visitors in environmental restoration while educating them about sustainability.
By integrating ancient wisdom with contemporary tourism strategies, these actionable
insights provide a roadmap for creating sustainable, equitable, and enriching travel
experiences. Policymakers, businesses, and local communities can adapt these principles
to design tourism systems that prioritize conservation, cultural preservation, and

community well-being.

* An academic article derived from this chapter has been published in the Special Issue of the
international journal Land, emphasizing its relevance to current debates on nature restoration and
sustainability.
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CHAPTER 6. The Role of Natural Collections in Environmental Change Studies
7.1 Entomological Collections as Archives of Biodiversity

Entomological collections, housed in museums, universities, and research institutions
around the world, represent far more than mere repositories of preserved insects [1]. They
are archives of biodiversity, chronicling the evolutionary, ecological, and
biogeographical histories of life on Earth. As biodiversity faces unprecedented threats
from climate change, habitat destruction, and invasive species, these collections have
emerged as vital tools for understanding, conserving, and managing global ecosystems.
In addition, entomological collections are invaluable for tracing the temporal dynamics
of biological invasions. By providing dated specimens, they allow researchers
to backdate the introduction of alien species, often anticipating field records by several
years or even decades. This retrospective evidence is essential for reconstructing invasion
pathways and assessing the ecological consequences of non-native taxa. A significant
example is the case of Phoracantha recurva, whose arrival in Italy was documented
through museum collections that predated its first field detection [1a].

Scientific collections have facilitated the rediscovery of species thought to be extinct.
Specimens stored in collections often serve as reference material for field researchers,
enabling the identification of species in poorly studied or remote regions. For example,
the Madagascar serpent eagle (Eutriorchis astur Sharpe), long believed extinct, was
rediscovered partly thanks to specimens preserved in museum collections that clarified
its morphology and range [2].

Additionally, these collections inform studies on biogeographical patterns, revealing how
historical processes like glaciation, continental drift, and habitat fragmentation have
shaped insect distributions.

Entomological collections are far more than dusty cabinets filled with pinned insects.
They are dynamic repositories of knowledge, offering insights into the past, present, and
future of biodiversity [3]. As we confront a biodiversity crisis, these collections will
continue to serve as essential tools for scientific discovery, conservation planning, and
education. By investing in their preservation and accessibility, we ensure that they remain

a cornerstone of ecological and evolutionary research for generations to come.

98



7.2 Case Study: The Odoardo Pirazzoli Collection

Odoardo Pirazzoli, born in Imola on April 6, 1815, stands as a significant figure in the
fields of natural history and entomology. Raised in a prosperous and industrious family,
he moved to Bologna at the age of 15 to pursue classical studies. In 1831, during a time
of revolutionary fervor, he embraced liberal ideals and enlisted in the student volunteer
corps. After a brief interruption, he resumed his academic journey and graduated in
philosophy. His intellectual pursuits later took him to Rome, where he enrolled in the
Faculty of Engineering. It was during this Roman sojourn that he developed a profound
appreciation for the natural world, dedicating himself to botany and initiating his first
herbarium.

This newfound passion for the natural sciences eventually brought Pirazzoli back to
Imola, where he formed strong connections with fellow naturalists, including the
pharmacist Dr. Tassinari. Together, they conducted extensive floristic surveys, laying the
groundwork for Pirazzoli’s later endeavors in entomology. Following his resignation
from the “Regio Esercito Italiano” as a Major, he began an intense correspondence with
prominent coleopterologists in Italy and abroad, which fueled the development of one of
the most extensive entomological collections in 19th-century in Italy.

Pirazzoli’s scientific career was defined by his meticulous work on the biodiversity of
coleopterans. His fieldwork extended across France, Switzerland, Austria, Germany, and
various regions of Italy, where he explored alpine environments, the Apennine ridge, and
the Emilia region. His most notable discovery was the genus Leptomastax, described from
specimens collected near the Santerno River in Imola. Despite his deep knowledge and
numerous findings, Pirazzoli, likely due to modesty or a reserved nature, chose not to
formally publish much of his work.

His entomological collection, initiated in the 1840s, comprises 27,698 dry-prepared
specimens, organized in 152 standard-sized boxes, and remains a cornerstone of Italian
entomology. Among its treasures is the lectotype of Leptomastax hypogea (Coleoptera:
Staphylinidae: Scydmaeninae), a new genus and species described by Pirazzoli in 1855
(Figure 1). Specimens were primarily collected in Imola and its surrounding areas,
offering an invaluable resource for understanding the entomological and environmental
history of the region. Pirazzoli’s work extended beyond coleopterology. His herbarium
and entomological collection, donated to the Municipality of Imola, are now part of
the Musei Civici di Imola, preserving his legacy as a naturalist and enriching the scientific

heritage of Romagna. A significant portion of Pirazzoli’s work was conducted in
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the “Parco delle Acque Minerali”, a green space integral to the cultural and ecological
history of Imola. This park, developed in the late 19th century around ferruginous and
sulfurous springs, spans 11 hectares along the right bank of the Santerno River. Enclosed
within the “Autodromo Enzo e Dino Ferrari”, the park includes diverse ecosystems,
functioning as an ecological corridor that connects natural habitats with the urban
environment.

The park holds a central place in Pirazzoli’s entomological research. For example, his
unpublished notes preserved in the “Archivio Storico Comunale” of Imola document the
discovery of Nebria psammodes (P. Rossi) (Carabidae) along the “Rio delle Acque
Minerali”: “Luoghi umidi ed arenosi sul Rio delle Acque. Imola, 12 aprile...”. These
records offer a snapshot of the park’s historical biodiversity, which has undergone
significant changes over time. Recent surveys in the same area, employing methods such
as pitfall trapping, reveal a marked decline in species requiring specific ecological
conditions, such as N. psammodes'. Factors like habitat alteration, sediment removal, and
water pollution have likely contributed to this loss. Pirazzoli’s contributions extend
beyond his time, as his collections remain crucial for contemporary scientific studies.
The Pirazzoli Collection, preserved at the “Museo Giuseppe Scarabelli” in Imola, is the
only historical entomological collection in Romagna and offers a unique opportunity to
study environmental and entomological changes over the past two centuries. Its
specimens allow researchers to compare past and present biodiversity, particularly within
the Imola region, helping to document the impacts of human activity and environmental
change on local ecosystems. From a taxonomic perspective, the collection is equally
significant, containing rare and type specimens, including Leptomastax hypogea
(Coleoptera Staphylinidae, Scydmaeninae), a new genus and a new species, both
described by Pirazzoli in 1855, on specimens collected in the Imola area close to Santerno
river. The study of such specimens continues to refine our understanding of beetle
systematics and the evolutionary relationships within Scydmaeninae.

From a taxonomic perspective, the Pirazzoli Collection is of outstanding relevance
because it includes type material, which plays a crucial role in ensuring the stability of
insect nomenclature. Among these specimens, the presence of the lectotype

of Leptomastax hypogea is particularly noteworthy. A lectotype is a specimen designated

! Seely, M.K.; Henschel, J.R. Long-Term Population Dynamics of Namib Desert Tenebrionid Beetles
Reveal Complex Relationships to Pulse-Reserve Conditions. Insects 2021, 12,
804. https://doi.org/10.3390/insects 12090804
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as the single name-bearing reference for a species when no holotype was originally
indicated, and its role is fundamental in providing taxonomic clarity?. The preservation
of such material in the Pirazzoli Collection highlights its enduring scientific value, not
only for historical and ecological investigations but also for systematic entomology,
where type specimens remain essential benchmarks for classification and species
identification.

Pirazzoli’s work underscores the broader importance of historical natural collections in
documenting environmental change. By providing a baseline for comparison, collections
like his reveal patterns of species decline, shifts in distribution, and the effects of
anthropogenic pressures. Today, these collections are invaluable for tracking biodiversity
loss and changes in species composition, assessing habitat quality over time and
supporting conservation strategies through the identification of vulnerable or extinct
species. In the context of the Imola region, the Pirazzoli Collection provides a unique lens
through which to understand local biodiversity, especially in environments like the “Parco
delle Acque Minerali”, which continues to serve as a living laboratory for ecological
research. Odoardo Pirazzoli’s life and work exemplify the enduring value of passion and
dedication to the natural sciences. His collections, carefully curated and donated to his
hometown, continue to inspire generations of researchers and provide critical insights into
the history of biodiversity in Romagna. As we face mounting environmental challenges,
the legacy of figures like Pirazzoli reminds us of the importance of preserving not only
natural habitats but also the scientific records that allow us to understand and protect

them.

2 In zoological nomenclature, a lectotype is an individual specimen selected from the original series to
serve as the single name-bearing type when no holotype was designated by the original author. See
International Code of Zoological Nomenclature (ICZN, 1999).
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Figure 1. Leptomastax hypogea Pirazzoli, 1855

7.3 Bridging Humanities and Science in Entomology: The Legacy of Maria Sibylla
Merian

Maria Sibylla Merian (1647—1717) stands as a pivotal figure in the history of entomology,
not only for her scientific achievements but also for her ability to merge the fields of art
and science in a way that was revolutionary for her time [1]. By integrating scientific
observation with artistic representation, Merian bridged the gap between the humanities
and the natural sciences, laying the groundwork for interdisciplinary approaches that
continue to influence scientific inquiry today.

Her achievements are even more remarkable when considered in their historical context.
At a time when natural history was an almost exclusively male domain, Merian’s work
stands out as a pioneering contribution by a woman scientist. Her career represents an
exceptional case of intellectual independence and scientific creativity in an era dominated
by male biologists and taxonomists, highlighting her role as both a trailblazer and a
symbol of resilience.

In an era when the study of natural history was largely confined to taxonomic cataloging

and the examination of preserved specimens, Merian adopted an innovative approach by
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emphasizing the observation of living organisms in their natural habitats [2]. This
methodology allowed her to document not only the physical structure of insects but also
their behavioral patterns, life cycles, and ecological relationships, such as their
dependence on specific host plants.

Her ability to capture the intricate processes of insect metamorphosis and the ecological
relationships between species and their habitats marked a significant departure from the
methodologies of her contemporaries. Through her meticulous studies, she documented
the complete life cycles of numerous insects, especially lepidopterans, from egg to larva,
pupa, and adult, challenging the prevailing belief in spontaneous generation and
establishing metamorphosis as a foundational concept in entomology [3].

Her most renowned work, Metamorphosis Insectorum  Surinamensium (1705),
combined detailed scientific descriptions with vivid illustrations, depicting insects at
various stages of development alongside the plants they relied on for sustenance. This
integrated presentation of data was groundbreaking, as it offered a holistic view of the
relationships between species and their environments, challenging the prevailing
reductionist methods of the time [4,5].

For example, Merian’s illustration of the metamorphosis of butterflies and moths not only
displayed the insect’s life stages -egg, larva, chrysalis, and adult- but also highlighted its
interactions with host plants (Figure 2). Her depiction of the caterpillar of the Sphinx
moth feeding on a specific type of cassava in Suriname was among the first to explicitly
document such ecological relationships [1]. These observations not only advanced the
understanding of insect-plant interactions but also helped dispel misconceptions such as
the belief in spontaneous generation, which suggested that insects arose from decaying
matter [6].

Merian’s skill as an artist was critical to her scientific contributions. Unlike many of her
contemporaries, who relied solely on written descriptions, Merian utilized illustration as
a primary medium for scientific communication. Her drawings were more than
decorative; they were precise, methodical, and imbued with scientific rigor. Each plate in
her publications provided a visual narrative of an insect’s development and behavior,
accompanied by descriptive notes that contextualized the images within broader
ecological systems.

Merian’s illustrations were particularly revolutionary because they captured dynamic
processes, such as the movement of caterpillars or the emergence of a butterfly from its

chrysalis, rather than static representations. These visual accounts not only made her work
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accessible to other naturalists but also appealed to broader audiences, including
collectors, educators, and artists, thereby democratizing access to scientific knowledge.
Her use of art as a bridge between science and the humanities prefigures modern practices
in scientific illustration and data visualization, where aesthetic and narrative elements are
used to make complex information comprehensible and engaging [7].

Merian’s interdisciplinary approach extended beyond her combination of art and science.
She was one of the first naturalists to document insects within the context of
their ecosystems, recognizing the interconnectedness of organisms and their
environments. Unlike her contemporaries, who often studied species in isolation,
Merian’s work reflected an ecological perspective, documenting relationships such as:

o Feeding behaviors: Her observation of caterpillars feeding on specific host plants,
such as the silkworm (Bombyx mori) on mulberry leaves, provided early evidence
of species-specific interactions.

o Trophic relationships: Her depictions of predation, parasitism, and mutualism
highlighted the complexity of ecological networks.

o Environmental dependence: By observing insects in their natural environments,
Merian underscored the importance of habitat conditions for the survival and
development of species.

For instance, during her two-year expedition to Suriname, Merian meticulously recorded
the tropical insects of the region, documenting their life cycles in connection with the
plants of the rainforest. Her recognition of the ecological importance of these
relationships predates the formalization of ecological science by more than a century,
aligning her work with modern ecological principles [8,9].

Maria Sibylla Merian’s work exemplifies how the blending of humanities and science can
yield transformative insights. Her artistic sensitivity enabled her to see patterns and
relationships that might have been overlooked by her contemporaries, while her scientific
discipline ensured that her observations were methodical and reproducible. This fusion
not only advanced entomology but also highlighted the value of interdisciplinary
approaches in understanding the natural world.

Today, Merian’s legacy lives on in fields that draw from both the arts and sciences.
Scientific illustration, ecological studies, and biodiversity research continue to benefit
from the methodological foundations she established. Her life and work serve as a
reminder that scientific discovery is not limited to empirical analysis but is enriched by

the creativity and curiosity that the humanities bring to the pursuit of knowledge.
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*A summary of the key findings presented in this chapter was delivered at the XXVII National Italian Congress of
Entomology (CNIE) held in Palermo firom the 12" to the 16™ of June 2023). Additionally, aspects of the chapter, and
of the overall content of the thesis were further explored within the XV European PhD Network “Insect Science" - XV
Annual Meeting organized by the Academy of Entomology in Florence, fostering interdisciplinary dialogue on the

intersections between entomology, cultural heritage, and environmental sustainability.

Figure 2. 1705, Tav. XXI1V (fig.43); Eumorpha labruscae (Linnaeus,1758)
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8. CHAPTER 7. From Buzz to Bust: Examining the Threats of Climate Change and
Strategies to Safeguard the Sustainability of Ecosystems, with a Focus on Insects

8.1. Historical roots of modern environmental problems

As Heraclitus observed 2,500 years ago, it is impossible to maintain a stable perspective.
[Tavta pet “panta rei”, he said. It is no longer the same river, but neither are we the same
people [1]. Maintaining a stable perspective about the environment can certainly be
challenging, especially considering the dynamic and complex nature of the world we live
in. The history of human culture is intricately tied to our relationship with the natural
environment. Throughout the millennia, human societies have depended on and interacted
with their surroundings, shaping their cultures, traditions, and ways of life. In the early
stages of human history, as hunter-gatherer societies, humans relied directly on the
resources provided by their natural surroundings. Their culture revolved around
understanding and utilizing the environment for food, shelter, and other necessities.

The Neolithic Revolution, which began around 10,000 BC, marked a significant transition
in human history from hunting and gathering to settled agriculture and farming. While
this revolution provided many benefits in terms of food production and human settlement,
it also had significant implications for climate change and land use. The Neolithic
Revolution fundamentally transformed land use patterns. With the shift from a nomadic
lifestyle to settled agriculture, humans began to cultivate crops and domesticate animals.
This was a turning point in human history, significantly altering land use and the
environment [2]. The patterns established during this period have continued to evolve and
shape the modern challenges we face in addressing climate change and sustainable land
use practices. In fact, as agricultural practices spread, with the establishment of permanent
settlements, the creation of fields and pastures, and the development of irrigation systems,
the human impact on landscapes has intensified, leading to changes in biodiversity, soil
erosion, and water management [3]. Land use changes have played a significant role in
shaping natural landscapes and ecosystems throughout human history. From the earliest

days of agriculture to modern urbanization, human activities have transformed the Earth’s
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surface in various ways, leading to both positive and negative impacts on natural
environments. Agricultural practices, such as clearing land for farming, irrigation, and
the domestication of plants and animals, were among the earliest land use changes. These
changes allowed humans to settle in one place, cultivate crops, and raise livestock, leading
to the development of civilizations. But, at the same time, as agriculture expanded, forests
were cleared, wetlands were drained, and grasslands were converted to croplands, altering
the composition and structure of ecosystems [4]. The human intervention in natural
processes that is unavoidable for our survival has permanently affected and, in some
cases, irrevocably damaged many fragile natural ecosystems [5].

Lessons for the environmental problems we face today may well be found in the past.
Historical, literary, and archaeological records contain information on hundreds of
situations where societies developed long-term sustainable links with their environments
and thousands where these links were destructive [6].

Ancient writings often serve as valuable historical records that can shed light on how
climate variations have shaped human history and influenced civilizations throughout the
ages. Several ancient Greek and Roman authors had already recognized at this time that
human activities could influence environmental and landscape changes to some extent.
In their works, it is evident that they were already aware of how deforestation, agriculture,
and urbanization could have a local impact on the environment and landscape.
Thucydides (460 B.C./400 B.C.) is generally regarded as one of the first true historians.
He placed high value on eyewitness testimony and wrote about events in which he
probably took part. He also assiduously consulted written documents and interviewed
participants about the events that he recorded [7]. While Thucydides does not have a
comprehensive chapter exclusively focused on climate conditions, his work includes
references to weather-related events and their effects on the course of the Peloponnesian
war [8]. He describes a severe plague that struck Athens during the summer of 430 BC
(Book 1, Chapter 16); he also mentions a significant amount of rain and flooding that
caused difficulties for the Athenians (Book 2, Chapter 2). Additionally, he writes about a
storm that hit the Athenian fleet while sailing to Sicily, resulting in considerable damage
to their ships (Book 3, Chapter 89), and discusses the impact of a storm on a naval battle
between the Athenians and the Syracusans. Moreover, he discusses the hardships the
Athenians faced during the harsh winter of 425 BC and describes how the Athenians had
to endure the cold and lack of provisions, which ultimately influenced their military

decisions during that period. (Book 4, Chapter 42) [9]. This example is a notable instance
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of how ancient writers documented environmental phenomena and their effects on
historical events.

Theophrastus (370 B.C/287 B.C.) was an ancient Greek philosopher and naturalist who
made significant contributions to various fields, particularly botany. While Theophrastus
did not explicitly write about “climate changes”, some of his works contain observations
related to weather and climatic variations. In his writings on plants, particularly in "On
Weather Signs" (Ilepi onueimv), he discusses the influence of weather conditions on plant
growth and agricultural practices [10]. These observations indirectly reflect his
understanding of how climate patterns can impact the natural world. He also discussed
phenomena like droughts, storms, and seasonal changes, which can be seen as early
perceptions of climate-related events [11].

Plato (428 B.C./ 348 B.C.), the ancient Greek philosopher, addressed topics related to
nature and the importance of preserving the environment in his dialogues. Some of his
philosophical ideas indirectly touch upon the value of nature and its conservation. For
instance, in his work "The Republic," Plato discusses the concept of justice and the ideal
state. He emphasizes the importance of harmony and balance within society, which could
be interpreted as a reflection of the need for balance in the natural world as well [12]. In
"Timaeus," Plato discusses the creation of the universe, and while the primary focus is on
cosmology, it does imply an appreciation for the natural order and the significance of
maintaining a harmonious relationship with the world [13]. Indeed, in Plato’s work
"Laws," he discusses the importance of water preservation. He addresses the issue of
water resources and their management within the context of creating an ideal society and
laws for it. Plato argues that water is a vital resource necessary for life and agriculture,
and he suggests that its distribution should be carefully regulated to ensure equitable
access for all members of society. He proposes that public officials should oversee the
management of water and ensure that it is used wisely and efficiently [ 14].

Many other Greek and Roman thinkers were aware that the depletion of natural resources,
the impoverishment of biodiversity, and changes in the environment could damage the
natural world and lead to unexpected consequences. Classical teachings can indeed
provide valuable insights and perspectives that can help us in addressing climate change
challenges. Integrating the wisdom of the past with current research and technologies can
create a powerful combination leading to effective solutions and creating a sustainable

future for our planet.
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Equally striking are the reflections of many Roman writers since ancient Romans were
aware of some of the problems caused by air and water pollution. They faced issues
related to air pollution, particularly in densely populated urban areas where smoke from
‘industrial’ activities and the burning of fuels contributed to poor air quality [15]. For
example, Roman metallurgists and blacksmiths produced a significant amount of air
pollution due to the smelting and forging of metals, which released various pollutants into
the atmosphere [16]. The firing of ceramics and pottery in kilns released pollutants into
the air, particularly when using wood or other fuels [ 17]. Processes in the tanning industry
involved the treatment of animal hides with chemicals, which could release noxious
fumes and odors into the air. The extraction of various minerals, such as lead, and the
associated smelting processes released harmful substances into the air. The production of
fermented beverages and food products often involved heating and cooking processes that
could generate smoke and pollutants [ 18]. Additionally, these writers were aware of water
pollution, especially in cities where sewage and waste were often dumped into water
sources, leading to contaminated drinking water and health hazards [19].

One example of ancient Roman awareness of air pollution can be found in the writings of
the Roman author Seneca the Younger (4 B.C./65 A.D.). In his work Natural Questions,
Seneca discusses the phenomenon of “nubes fuligo” or “smoky clouds”, which were a
result of air pollution caused by the burning of wood and coal in the city of Rome [20,
21]. He describes how the excessive smoke and soot from these fires created a dark and
unhealthy atmosphere, affecting both the environment and the health of the city’s
inhabitants. The corresponding passage reflects the Roman awareness of the negative
consequences of air pollution in their urban centers. Vitruvius (80 B.C./15 B.C.) was a
Roman architect and engineer who lived during the 1st century BC. He is best known for
his work “De Architectura” (On Architecture), which is a comprehensive treatise on
architecture and engineering [22]. In Book 7, Vitruvius discusses various construction
materials, including metals, and he mentions that water near mines can become polluted
due to the extraction and processing of metals. These mining activities could contaminate
nearby water sources with various substances, including harmful metals and sediments,
affecting the quality of water in an area. Vitruvius emphasizes the importance of choosing
water sources carefully, considering their proximity to mines and potential sources of
pollution, to ensure the longevity and safety of architectural structures [23].

In Book VI of his epic poem "De Rerum Natura" (On the Nature of Things), the Roman
poet and philosopher Lucretius (98-94 B.C./ 55-50 B.C.) explores various aspects of
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metals, including gold and silver, and their origins. He describes the mining process as
well as the appearance of these metals and their smell during the extraction process and
focuses on the fact that miners usually died early on [24]. Another ancient Roman writer
who mentioned climate changes is Pliny the Elder. In his extensive work “Natural
History” (Naturalis Historia), written in the 1st century AD, Pliny provides an extensive
account of the natural world, encompassing a wide range of topics, including geography,
geology, botany, zoology, and meteorology. Regarding climate changes, he observed and
described weather patterns, such as changes in temperature, wind direction, and the
occurrence of extreme weather events like storms and floods. Pliny also mentions the
effects of volcanic eruptions on climate, recognizing their potential to alter weather
patterns temporarily [25]. Usually, history does not provide us with data to help us make
predictions, but it does provide us with an understanding of our past that we can use to
better understand our current situation. As for the environment, perhaps the most we can
learn from the past lies in the realization that the mysterious natural world around us is in
constant turmoil. While lacking an understanding of modern climate science, ancient
authors and their works may be relevant to realizing the importance of addressing climate
change and its impact on our lives [26,27]. Many of them were deeply concerned about
the environmental problems of their time. Even more so nowadays, climate change is an
urgent environmental problem that requires our utmost attention and awareness. By
reflecting on their observations of the consequences of environmental degradation, we
can better understand the urgency of addressing climate change to protect our planet and
its resources and the importance of safeguarding agricultural practices, adapting to
changing climatic conditions, and developing informed mitigation and adaptation
strategies [28]. Ancient cultures often held a deep reverence for nature, recognizing the
intrinsic value of all living beings. By embracing this respect for nature, we can shift
towards more sustainable practices and reduce the negative impact of human activities on
the environment. By adopting the reverence that the ancients had for the natural world,
we can work to protect the environment and act against climate change. Moreover, as the
writings of many ancient authors exemplify curiosity and thirst for knowledge, emulating
their spirit of enquiry can drive us toward seeking solutions to the challenges posed by

climate change.

8.2 Rising Temperatures, Rising Concerns: Emotional Responses to Climate
Change
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The extreme weather phenomena we are witnessing not only impact the environment but
also mental health, fueling stress, anxiety, depression, and even suicidal ideation in some
people, as the World Health Organization has certified [29]. There is, therefore, an
increasing amount of discussion on “eco-anxiety,” defined by the American
Psychological Association as “chronic fear of the environment” [30]. The connection
between extreme weather events and mental health is becoming more recognized.
Eco-anxiety 1s a term used to describe the distress people feel due to environmental
concerns. It is important to address both the environmental and mental health aspects of
these challenges [31]. Glenn Albrecht’s concept of “eco-anxiety” highlights the deep
concern people have about the potential collapse of ecological systems. It is particularly
concerning for young generations who are acutely aware of the impact of climate change
on their future. This emotional response underscores the need to find effective ways to
address both environmental problems and the resulting mental health challenges. Eco-
anxiety is growing as a concern as people grapple with the overwhelming effects of
extreme weather events [32]. These heightened feelings of worry and distress are often
intensified by visible events like wildfires and heatwaves. In severe cases, this anxiety
can even develop into an adaptation disorder due to the ongoing stress and uncertainty
precipitated by these environmental issues [33]. The concept of eco-anxiety is believed
to have originated in the late 20th century, gaining more recognition and discussion as
environmental issues and climate change became increasingly prominent in public
discourse [34]. While the exact date of its origin is difficult to pinpoint, it can be traced
back to the growing awareness of environmental challenges and their potential impacts
on mental well-being [35].

As concerns about climate change, pollution, deforestation, and other environmental
issues escalated, psychologists and mental health professionals noticed that individuals
were experiencing distress and anxiety related to these problems. This led to the
emergence of the term “eco-anxiety” to describe the emotional and psychological
responses triggered by ecological concerns [36]. The concept gained more attention in
the early 21st century as researchers, mental health experts, and environmentalists began
to study and discuss the various ways in which environmental issues were affecting
individuals’ mental health [37]. The term has since been used to encompass a range of
emotions and psychological responses, from general worry about environmental
problems to more profound feelings of grief, fear, and helplessness [38]. Overall, the

concept of eco-anxiety reflects the interconnections between human well-being and the
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environment, recognizing that environmental concerns can have a significant emotional
and psychological impact on individuals [39]. As we witness environmental challenges
such as climate change, habitat loss, and pollution, it is natural for these concerns to
impact our mental and emotional states. Recognizing and addressing this connection is
crucial for fostering both a sustainable planet and our own mental health. By working
towards environmental preservation, we not only ensure a healthier planet for future
generations but also contribute to our own well-being by alleviating anxiety and

promoting a sense of purpose.

8.3. Nature’s Delicate Balance: Studying the Impact of Climate Change on Insect
Populations
In the shadows of our rapidly changing planet lies a silent struggle, in which some of the

most resilient inhabitants teeter on the brink of survival. Serving as indispensable
components, insects form the backbone of Earth’s intricate ecosystems, orchestrating the
delicate balance that sustains life as we know it. However, behind the curtain of climate
change, a disturbing drama is unfolding that threatens to disrupt the harmonious
symphony of nature [40]. Insects have been an important part of the Earth’s ecosystem
for millions of years. They are the most diverse and abundant creatures on the planet, with
over a million known species and potentially millions more yet to be discovered. They
play a vital role in many different aspects of life on Earth, from pollinating crops and
other plants to serving as a food source for other animals, including entomophagous
insects, which provide a fundamental service as controllers of herbivorous arthropods
[41,42]. In recent years, the importance of insects has become even more apparent as
scientists are increasingly studying their roles in ecosystems and their impact on human
societies. Understanding the importance of insects and their interactions with the
environment is essential for protecting terrestrial ecosystems and ensuring a sustainable
future for all [43]. The impact of climate change on insect populations and agricultural
systems is a complex and multifaceted issue that requires urgent attention and action. As
temperatures rise and weather patterns become more unpredictable, the survival and
efficiency of insect populations of different species are becoming increasingly threatened,
with significant implications for global food security and biodiversity conservation [44].
However, by taking proactive measures such as promoting sustainable land use practices,

developing climate-resilient crop varieties, and conserving and restoring natural habitats,
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we can mitigate the negative effects of climate change on insect populations and support
more sustainable and resilient agricultural systems [45].

Climate change can have a significant impact on insect populations. Insects are
ectothermic, which means that their body temperature is regulated by the environment
around them. As the Earth's temperature continues to rise, this increase can affect the
behavior, growth, reproduction, and survival of insects [46]. For example, for some
insects, warmer temperatures may lead to an earlier emergence from diapause in the
spring or a longer period of activity in the fall. Warming may also alter the timing of
important ecological events, such as flowering and pollination, which may have
cascading effects throughout entire ecosystems. Additionally, changes in precipitation
patterns can affect the availability of food and water for insects, with a relevant impact
on their populations [47]. Climate change may also lead to more extreme weather events,
such as droughts, floods, and wildfires, which can directly affect insect populations. For
example, prolonged droughts can reduce the availability of suitable habitats for some
insects, while flooding can drown or displace others. Similarly, wildfires can destroy
habitats and disrupt the delicate balance of insect communities [48]. Changing
temperatures may have significant effects on insect life cycles and behavior. Phenology
refers to the timing of biological events, such as emergence from hibernation, mating, and
reproduction. Changes in temperature can cause shifts in phenology, such as earlier
emergence or longer breeding seasons [49]. Insects may shift their geographic ranges in
response to changing temperatures. Some species may expand their ranges into new areas,
1.e., move northward to previously cooler climates. Changes in temperature may also
affect insect behavior. For example, some species may become more active or feed more
frequently in response to warmer temperatures. Changes in temperature can also affect
pest outbreaks [50].

In fact, warmer temperatures may lead to increased populations of certain insect pests,
which can cause damage to crops and other plants. Understanding the impacts of
temperature on insect life cycles and behavior is important for predicting and mitigating
the effects of climate change on ecosystems and agriculture for several reasons. Insects
play important roles in ecosystems as pollinators, decomposers, and parasitoids or
predators of other insects. Changes in their life cycles and behavior can affect their
interactions with other species, which can have cascading effects throughout an
ecosystem [51]. Many insect species are important pests in agriculture, and changes in

their populations can have significant impacts on crop production. Therefore,
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understanding the effects of temperature on insect life cycles and behavior is important
for predicting and managing both pest outbreaks in agriculture and the impacts of climate
change on biodiversity, of which insects account for a large proportion [52]. Some insects
and other arthropods, such as mosquitoes and ticks, are vectors for diseases that affect
humans. Modifications in their life cycles and behavior due to climate changes can affect
the transmission of these diseases, and should, therefore, be studied to try to predict and
manage their impacts on human health [53]. Overall, understanding the impact of
temperature on insect life cycles and behavior is crucial from different perspectives.
Fostering a healthier and more balanced ecosystem that benefits all living organisms
requires a multi-faceted approach [54]. First, we must prioritize conservation efforts by
preserving natural habitats and creating wildlife corridors. This allows different species
to thrive and maintain their interactions. Second, sustainable resource management is
essential, ensuring that human activities do not deplete essential resources faster than they
can be replenished. Third, embracing regenerative agricultural practices minimizes soil
degradation and chemical runoff, benefiting both plants and animals [55]. Fourth,
addressing climate change through reducing carbon emissions helps mitigate its impact
on ecosystems. Lastly, promoting environmental education and awareness empowers
individuals to make conscious choices that positively impact the planet [56]. Through
these combined efforts, we can create a more harmonious and resilient ecosystem for all
living beings, insects included [57]. To strengthen their populations, it is crucial to
promote insect-friendly practices in agriculture and gardening. This can involve adopting
integrated pest management techniques, using organic fertilizers, and creating insect-
friendly habitats [58]. Additionally, raising public awareness about the importance of
insects can lead to positive changes in behavior and policy [59]. By working collectively
to protect and support insects, we can foster healthier and more balanced ecosystems that
benefit the entire biocenosis and biotope.

There are various strategies that can be developed to adapt to and mitigate the effects of
climate change on insect populations and their interactions with the environment [60].
Crop-breeding programs can develop crop varieties that are better adapted to changing
temperatures and precipitation patterns, which can help to mitigate the impacts of climate
change on crop production and reduce the likelihood of pest outbreaks [61,62]. IPM is a
pest control strategy that involves a combination of tactics, including biological, physical
cultural, and chemical control methods [63]. IPM can be used to manage pest outbreaks

in agriculture in a way that minimizes the use of chemical pesticides and reduces the risk
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of resistance [64,65]. The protection and restoration of natural habitats, such as forests
and wetlands, can help maintain biodiversity and provide habitats for insect populations
that may be affected by climate change [66,67]. Educating the public about the impacts
of climate change on insect populations and the environment can increase awareness and
promote actions centered on reducing greenhouse gas emissions and mitigating their
effects [68,69].

Also, conserving and restoring natural habitats constitutes an important strategy for
mitigating the impacts of climate change on insect populations and their interactions with
the environment. Natural habitats such as forests, wetlands, and grasslands can be
protected from human disturbance to maintain their ecological functions [70]. Degraded
habitats can be restored by planting native vegetation, controlling invasive plant species,
and reducing soil erosion. Restoration can help to improve the quality of habitats for
insects and other animals [71]. New habitats can be created through reforestation,
afforestation, and other forms of ecological restoration [72]. These habitats can help to
connect fragmented landscapes and provide additional environments for insect
populations. Land use practices that promote sustainable agriculture, forestry, and urban
development can help to reduce the impacts of human activities and provide habitats for
insect populations [73]. Collaborating with local communities to promote conservation
and restoration efforts can help to build support for these efforts and ensure their long-

term success.

8.4 Promoting sustainable land use practices

Sustainable land use practices can help improve the sustainability and resilience of our
agricultural and natural resource management system as well as reduce the impacts of
climate change on insect populations. [74]. Practices such as conservation tillage, the use
of cover crops, crop rotation, and integrated pest management can help reduce the
environmental impact of agriculture and support insect populations [75]. These practices
can also help improve soil health and reduce greenhouse gas emissions from agricultural
activities [76]. Sustainable forestry practices, such as selective cutting, reduced-impact
logging, and reforestation, can help maintain healthy forests and provide habitats for
insect populations [77] as well as reduce carbon emissions from deforestation and forest
degradation [78]. Sustainable urban planning practices such as green infrastructure use,
sustainable transportation implementation, and the construction of green buildings can

help reduce the environmental impact of urban development, improve air and water
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quality in urban areas [79], and support insect populations [80]. Ecosystem-based
management approaches can be used to manage natural resources in a way that maintains
the ecological functions of ecosystems and supports insect populations [81]. This
approach can include measures such as habitat restoration, invasive species control, and
sustainable harvesting practices [82]. Education and outreach efforts can be used to raise
awareness about sustainable land use practices and promote their adoption among
landowners, farmers, and other stakeholders [83]. These efforts can include workshops,
training programs, and public education campaigns.

By adopting these sustainable agricultural practices, farmers can help reduce the
environmental impact of agriculture, improve soil health, reduce erosion, and support
biodiversity in agricultural landscapes [84]. Improving soil health is essential for
maintaining healthy and productive ecosystems. Adding organic matter to soil can help
improve soil structure, water-holding capacity, and nutrient availability. Compost,
manure, and cover crops are all good sources of organic matter. Excessive tillage can
disrupt soil structure, increase erosion, and reduce soil fertility. Conservation tillage
practices, such as no-till or reduced-till farming, can help improve soil health by reducing
soil disturbance. Crop rotation, that is, alternating crops with different nutrient
requirements and growth habits, can improve soil fertility and reduce soil-borne diseases
and pests. Cover crops (i.e., those planted to cover the soil surface between growing
seasons) can positively affect soil health by adding organic matter, reducing erosion, and
increasing biodiversity. Excessive use of synthetic fertilizers and pesticides can damage
soil health by disrupting the natural balance of soil microorganisms. By reducing
chemical inputs, farmers can improve soil health and promote the development of natural
pest control mechanisms. Regular soil analyses can help farmers make informed decisions
about nutrient management and crop rotations [85].

These good practices, which include the sustainable control of harmful insects, can help
promote insect biodiversity by providing habitat, food, and shelter [86]. Well-managed
insects can, in turn, play an important role in maintaining healthy soil ecosystems [87].
Healthy soils contain a high level of organic matter, which can help improve nutrient
cycling, reduce the need for synthetic fertilizers, and consequently decrease the
environmental impact of agriculture [88]. Moreover, healthy soils can retain more water,
which can help reduce erosion and improve crop yields, especially during dry periods.
They can store carbon, thus keeping it out of the atmosphere, reducing greenhouse gas

emissions, and mitigating the effects of climate change. They also support a diverse
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community of microorganisms, plants, and animals, including insects, birds, and
mammals [89]. By promoting healthy soils, farmers can promote biodiversity, maintain
healthy and productive ecosystems, and, in the end, improve the productivity and
sustainability of their farms while also reducing the environmental impact of agriculture
[90].

The intertwining issues of climate change and eco-anxiety underscore the fragile balance
in our environment and the profound impact it has on both ecosystems and human well-
being. In this context, we are also witnessing the disruption of insect populations due to
changing climatic conditions. Therefore, it becomes evident that the conservation and
study of insect collections is not just an academic activity but a fundamental step toward
the understanding and mitigation of ecological disruptions. As temperatures continue to
rise and weather patterns become more unpredictable, the survival and efficiency of insect
populations are increasingly threatened, with significant implications for global food
security and biodiversity conservation. The emotional strain of eco-anxiety further
emphasizes the urgency of global cooperation for addressing climate change. To secure
a sustainable future, we must prioritize conservation efforts, promote public awareness,
and support mental health initiatives that empower individuals to engage positively with
these challenges. Addressing this nexus of challenges requires interdisciplinary
collaboration, public awareness, and proactive measures to promote a more resilient
planet for current and future generations. However, by taking proactive measures such as
promoting sustainable land use practices, developing climate-resilient crop varieties, and
conserving and restoring natural habitats, we can mitigate the negative effects of climate

change and support more sustainable and resilient agricultural systems.

118



8.5 References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Heraclitus; Bywater, 1. The Fragments of the Work of Heraclitus of Ephesus on Nature; Translated
from the Greek Text of Bywater, with an Introduction Historical and Critical, by G. T. W. Patrick;
N. Murray: Baltimore, 1889

Mazoyer, M.; Roudart, L.; Membrez, J.H. 4 History of World Agriculture: From the Neolithic Age
to the Current Crisis; 1. publ.; Earthscan: London, 2006; ISBN 978-1-84407-399-3.

Hughes, J.D. An Environmental History of the World; 0 ed.; Routledge, 2009; ISBN 978-1-134-
01782-9.

Tauger, M.B. Agriculture in World History; Themes in world history; Second edition.;
Routledge: Abingdon, Oxon; New York, NY, 2021; ISBN 978-0-367-42091-8

Olivadese, M.; Dindo, M.L. Historic and Contemporary Gardens: A Humanistic Approach to
Evaluate Their Role in Enhancing Cultural, Natural and Social Heritage. Land 2022, 11, 2214.
https://doi.org/10.3390/land 11122214

Redman, C.L. Human Impact on Ancient Environments; University of Arizona Press:
Tucson, 1999; ISBN 978-0-8165-1962-0.

Robinson, E. Thucydides on the Causes and Outbreak of the Peloponnesian War; Forsdyke, S.,
Foster, E., Balot, R., Eds.; Oxford University Press, 2017; Vol. 1.

Thucydides and Crawley, R. History of the Peloponnesian War. London: ]. M. Dent & Sons,
Ltd; E. P. Dutton & Co., New York, [1910].

Lehoux, D. Sider, D., Carl Wolfram Brunschén (Editors). Theophrastus of Eresus: On
Weather Signs. 265 Pp., Apps., Bibl., Indexes. Leiden/Boston: Brill, 2007. Isis 2008, 99, 610

611, doi:10.1086/593233.

Theophrastus: His Psychological, Doxographical, and Scientific Writings; Routledge, 2018;
ISBN 978-1-351-31656-

Plato; Lee, H.D.P. The Republic; Penguin classics; 2nd ed., Reissued with new Further reading.;
Penguin Books: London; New York, 2003; ISBN 978-0-14-044914-3.

Plato; Waterfield, R.; Gregory, A.; Plato Timaeus and Critias; Oxford world’s classics; Oxford
University Press: Oxford; New York, 2008; ISBN 978-0-19-280735-9.

Plato, P Fowler H.N., Lamb W.R.M., Bury R.G., Shorey P., Plato in Twelve Volumes: With an
English Translation. London Cambridge: W. Heinemann; Harvard University Press; 19141930.
Whittick, G., Forbes, R.J., Metallurgy in Antiquity. A Notebook for Archaeologists and
Technologists. Leiden: E. J. Brill, 1950. Pp. 489, with 98 illustrations. 19 guilders. The Journal of
Roman Studies, 42(1-2), 131-132. doi:10.2307/29753.

Preunkert, S.; McConnell, J.R.; Hoffmann, H.; Legrand, M.; Wilson, A.IL.; Eckhardt, S.; Stohl, A.;
Chellman, N.J.; Arienzo, M.M.; Friedrich, R. Lead and Antimony in Basal Ice From Col Du Dome
(French Alps) Dated With Radiocarbon: A Record of Pollution During Antiquity. Geophysical
Research Letters 2019, 46, 4953-4961, doi:10.1029/2019GL.082641.

Veal, R.; Leitch, V. Fuel and Fire in the Ancient Roman World Towards an Integrated Economic
Understanding; McDonald Institute for Archaeological Research: Cambridge UK, 2019; ISBN
978-1-902937-91-5.

Boatwright, M.T., Ed.; The Romans: From Village to Empire; Ed.; 2nd ed.; Oxford University
Press: New York, 2012; ISBN 978-0-19-973057-5.

Bradley, M., Stow, K.R., Eds.; Rome, Pollution, and Propriety: Dirt, Disease, and Hygiene in the
Eternal City from Antiquity to Modernity; Eds.; British School at Rome studies; Cambridge
University Press: Cambridge, 2012; ISBN 978-1-107-01443-5.

Williams, G. Seneca on Winds: The Art of Anemology in “Natural Questions” 5. The American
Journal of Philology, 126(3), 417—450; 2005; http://www.jstor.org/stable/3804938

Seneca, L.A.; Hine, HM.; Seneca, L.A. Natural Questions; The complete works of Lucius
Annaeus Seneca; The University of Chicago Press: Chicago; London, 2010; ISBN 978-0-226-
74838-2.

119


https://doi.org/10.3390/land11122214
https://doi.org/10.1086/593233
https://doi.org/10.1029/2019GL082641
http://www.jstor.org/stable/3804938

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Vitruvius Pollio; Rowland, I.D.; Howe, T.N.; Dewar, M. Vitruvius: Ten Books on Architecture;
Cambridge University Press: New York, 1999; ISBN 978-0-521-55364-3.

Bianco, L. Architecture, Engineering and Building Science: The Contemporary Relevance of
Vitruvius’s De Architectura. Sustainability 2023, 15, 4150. https://doi.org/10.3390/su15054150.
Lucretius Carus, T.; Rouse, W.H.D.; Smith, M.F. De Rerum Natura; The Loeb classical library;
Harvard University Press: Cambridge, Mass, 1975; ISBN 978-0-674-99200-9.

Pliny, P. Bostock, J.Riley, HT.Mayhoff, KFT. The Natural History. Somerville MA: Perseus
Digital Library; 2006. Http://Www.Perseus. Tufts.Edu/Cgi-Bin/Ptext?Lookup=Plin. Nat. Toc.
Fedeli, P. La natura violata: ecologia ¢ mondo romano / Paolo Fedeli; Prisma 125; Sellerio:
Palermo, 1990.

Hughes, J.D.; Thirgood, J.V. Deforestation, Erosion, and Forest Management in Ancient Greece
and Rome. Journal of Forest History 1982, 26, 60-75, d0i:10.2307/4004530.

Craft, S. An ancient environmental history, [Review of An Environmental History of Ancient
Greece and Rome, by L. Thommen & P. Hill]. The Classical Review, 63(2), 483—485. 2013;
http://www.jstor.org/stable/43301486.

Ponting, C. A4 Green History of the World: The Environment and the Collapse of Great
Civilizations; Penguin Books: New York, NY, 1993; ISBN 978-0-14-017660-5.

Regional Committee for Europe, 71st session. (2021). Seventy-first Regional Committee for
Europe: virtual session, 13—15 September 2021: resolution: WHO European Framework for
Action on Mental Health 2021-2025. World Health Organization. Regional Office for
Europe. https://apps.who.int/iris’/handle/10665/345167

Clayton S, Manning CM, Krygsman K, & Speiser M. Mental Health and Our Changing Climate:
Impacts, Implications, and Guidance. Washington, D.C.: American Psychological Association,
and ecoAmerica, 2017. Available from https://www.apa.org/news/press/releases/2017/03/mental-
health-climate.pdf

Albrecht, G. Earth Emotions: New Words for a New World; Cornell University Press: Ithaca,
2019; ISBN 978-1-5017-1524-2.

Cruz, J.; White, P.C.L.; Bell, A.; Coventry, P.A. Effect of Extreme Weather Events on Mental
Health: A Narrative Synthesis and Meta-Analysis for the UK. Int. J. Environ. Res. Public
Health 2020, 17, 8581. https://doi.org/10.3390/ijerph17228581

McMichael, A.J.; Woodruff, R.E.; Hales, S. Climate change and human health: Present and future
risks. Lancet 2006, 367, 859—869. [Google Scholar] [CrossRef]

Coffey, Y.; Bhullar, N.; Durkin, J.; Islam, M.S.; Usher, K. Understanding Eco-Anxiety: A
Systematic Scoping Review of Current Literature and Identified Knowledge Gaps. The Journal of
Climate Change and Health 2021, 3, 100047, doi:10.1016/j.joclim.2021.100047.

Australian Medical Association (2019). Climate change is a health emergency [press release]. The
AMA Position Statement on Climate Change and Human Health is
at https://ama.com.au/position-statement/ama-position-statement-climate-change-and-human-
health-2004-revised-2015

Clayton S, Manning CM, Krygsman K, & Speiser M. Mental Health and Our Changing Climate:
Impacts, Implications, and Guidance. Washington, D.C.: American Psychological Association,
and ecoAmerica, 2017. Available from https://www.apa.org/news/press/releases/2017/03/mental-
health-climate.pdf

Doherty, T.J.; Clayton, S. The Psychological Impacts of Global Climate Change. American
Psychologist 2011, 66, 265-276, doi:10.1037/a0023141.

Pihkala, P. Anxiety and the Ecological Crisis: An Analysis of Eco-Anxiety and Climate
Anxiety. Sustainability 2020, 12, 7836, doi:10.3390/sul2197836.

Palinkas, L.A.; Wong, M. Global climate change and mental health. Curr. Opin.
Psychol. 2020, 32, 12-16. [Google Scholar] [CrossRef]

Kremen, C., Williams, N. M., Aizen, M. A., Gemmill-Herren, B., LeBuhn, G., Minckley, R.,
Packer, L., Potts, S. G., Roulston, T., Steffan-Dewenter, 1., Vazquez, D. P., Winfree, R., Adams,
L., Crone, E. E., Greenleaf, S. S., Keitt, T. H., Klein, A. M., Regetz, J., & Ricketts, T. H;
Pollination and other ecosystem services produced by mobile organisms: a conceptual framework
for the effects of land-use change. Ecol letters, 2007, 10(4), 299-314. https://doi:10.1111/].1461-
0248.2007.01018.x.

Olivadese, M.; Dindo, M.L. Edible Insects: A Historical and Cultural Perspective on
Entomophagy  with a  Focus on  Western  Societies. Insects 2023, 14,  690.
https://doi.org/10.3390/insects 14080690

Dangles, O.; Casas, J. Ecosystem Services Provided by Insects for Achieving Sustainable
Development Goals. Ecosystem Services 2019, 35, 109-115, doi:10.1016/j.ecoser.2018.12.002.
Van Der Sluijs, J.P. Insect Decline, an Emerging Global Environmental Risk. Current Opinion in
Environmental Sustainability 2020, 46, 39—42, doi:10.1016/j.cosust.2020.08.012.

Johnson, S.N., Jones, H., Global Climate Change and Terrestrial Invertebrates; Eds.; Wiley
Blackwell: Chichester, UK; Hoboken, NJ, 2017; ISBN 978-1-119-07087-0.

120


https://doi.org/10.3390/su15054150
https://doi.org/10.2307/4004530
http://www.jstor.org/stable/43301486
https://apps.who.int/iris/handle/10665/345167
https://www.apa.org/news/press/releases/2017/03/mental-health-climate.pdf
https://www.apa.org/news/press/releases/2017/03/mental-health-climate.pdf
https://doi.org/10.3390/ijerph17228581
https://scholar.google.com/scholar_lookup?title=Climate+change+and+human+health:+Present+and+future+risks&author=McMichael,+A.J.&author=Woodruff,+R.E.&author=Hales,+S.&publication_year=2006&journal=Lancet&volume=367&pages=859%E2%80%93869&doi=10.1016/S0140-6736(06)68079-3
https://doi.org/10.1016/S0140-6736(06)68079-3
https://doi.org/10.1016/j.joclim.2021.100047
https://ama.com.au/position-statement/ama-position-statement-climate-change-and-human-health-2004-revised-2015
https://ama.com.au/position-statement/ama-position-statement-climate-change-and-human-health-2004-revised-2015
https://www.apa.org/news/press/releases/2017/03/mental-health-climate.pdf
https://www.apa.org/news/press/releases/2017/03/mental-health-climate.pdf
https://doi.org/10.1037/a0023141
https://doi.org/10.3390/su12197836
https://scholar.google.com/scholar_lookup?title=Global+climate+change+and+mental+health&author=Palinkas,+L.A.&author=Wong,+M.&publication_year=2020&journal=Curr.+Opin.+Psychol.&volume=32&pages=12%E2%80%9316&doi=10.1016/j.copsyc.2019.06.023
https://doi.org/10.1016/j.copsyc.2019.06.023
https://doi.org/10.1111/j.1461-0248.2007.01018.x
https://doi.org/10.1111/j.1461-0248.2007.01018.x
https://doi.org/10.3390/insects14080690
https://doi.org/10.1016/j.ecoser.2018.12.002
https://doi.org/10.1016/j.cosust.2020.08.012

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

Gil, J.D.B.; Cohn, A.S.; Duncan, J.; Newton, P.; Vermeulen, S. The Resilience of Integrated
Agricultural Systems to Climate Change. WIREs Clim Change 2017, 8, doi:10.1002/wcc.461.
Heinrich, B. The Hot-Blooded Insects: Strategies and Mechanisms of Thermoregulation; Harvard
University Press: Cambridge, Mass, 1993; ISBN 978-0-674-40838-8.

Heinrich, B., Insect Thermoregulation; American Society of Zoologists, Eds.; Wiley: New York,
1981; ISBN 978-0-471-05144-2.

Harvey, J.A.; Tougeron, K.; Gols, R.; Heinen, R.; Abarca, M.; Abram, P.K.; Basset, Y.; Berg, M.;
Boggs, C.; Brodeur, J.; Scientists’ Warning on Climate Change and Insects. Ecol Monog 2023, 93,
doi:10.1002/ecm.1553.

Ju, R.-T.; Gao, L.; Wei, S.-J.; Li, B. Spring Warming Increases the Abundance of an Invasive
Specialist Insect: Links to Phenology and Life History. Sci Rep2017,7, 14805,
doi:10.1038/s41598-017-14989-3.

Srinivasarao, M.; Mani, M.; Prasad, Y.; Prabhakar, M.; Sridhar, V.; Vennila, S.; Singh, V. Climate
Change and Pest Management Strategies in Horticultural and Agricultural Ecosystems. In; 2022;
pp. 81-122 ISBN 978-981-19034-2-7.

Bale, J.S.; Masters, G.J.; Hodkinson, I.D.; Awmack, C.; Bezemer, T.M.; Brown, V.K_; Butterfield,
J.; Buse, A.; Coulson, J.C.; Farrar, J.; et al. Herbivory in Global Climate Change Research: Direct
Effects of Rising Temperature on Insect Herbivores: RISING TEMPERATURE and INSECT
HERBIVORES. Global Change Biology 2002, 8, 1-16, doi:10.1046/].1365-2486.2002.00451 .x.
Lange, M.; Ebeling, A.; Voigt, W.; Weisser, W. Restoration of Insect Communities after Land
Use Change Is Shaped by Plant Diversity: A Case Study on Carabid Beetles (Carabidae). Scientific
Reports 2023, 13, doi:10.1038/s41598-023-28628-7.

de la Fuente, J.; Estrada-Pefia, A.; Venzal, J.; Kocan, K.; Sonenshine, D. Overview: Ticks as
Vectors of Pathogens That Cause Disease in Humans and Animals. Frontiers in bioscience: a
journal and virtual library 2008, 13, 6938-6946, doi:10.2741/3200.

Fujimori, S.; Wu, W.; Doelman, J.; Frank, S.; Hristov, J.; Kyle, P.; Sands, R.; Van Zeist, W.-J.;
Havlik, P.; Dominguez, I.P.; Sahoo, A.; Stehfest, E., Tabeau, A.; Valin, H., Van Meijl; H.,
Hasegawa, T.; Takahashi, K.; Land-Based Climate Change Mitigation Measures Can Affect
Agricultural Markets and Food Security. Nat Food 2022, 3, 110-121, doi:10.1038/s43016-022-
00464-4.

Toensmeier, E. The Carbon Farming Solution: A Global Toolkit of Perennial Crops and
Regenerative Agriculture Practices for Climate Change Mitigation and Food Security; Chelsea
Green Publishing: White River Junction, Vermont, 2016; ISBN 978-1-60358-571-2.

Food and Agriculture Organization, International Union for Conservation of Nature Commission
on Ecosystem Management and Society for Ecological Restoration (2021). Principles for
Ecosystem Restoration to Guide the United Nations Decade 2021-2030. Rome: Food and
Agriculture Organization

Zandalinas, S.1.; Fritschi, F.B.; Mittler, R. Global Warming, Climate Change, and Environmental
Pollution: Recipe for a Multifactorial Stress Combination Disaster. Trends in Plant
Science 2021, 26, 588-599, do0i:10.1016/j.tplants.2021.02.011.

Rivero, R.M.; Mittler, R.; Blumwald, E.; Zandalinas, S.I. Developing Climate-resilient Crops:
Improving Plant Tolerance to Stress Combination. The Plant Journal 2022, 109, 373-389,
doi:10.1111/tpj.15483.

Snaddon, J.L.; Turner, E.C. A Child’s Eye View of the Insect World: Perceptions of Insect
Diversity. Envir. Conserv. 2007, 34, 33-35, d0i:10.1017/S0376892907003669.

Altieri, M.A. Biodiversity and Pest Management in Agroecosystems; Haworth Press: New York,
NY, USA, 1994. [Google Scholar]

Voss-Fels, K.P.; Stahl, A.; Hickey, L.T. Q&A: Modern Crop Breeding for Future Food
Security. BMC Biol 2019, 17, 18, do0i:10.1186/s12915-019-0638-4.

Richards A. J. Plant Breeding Systems. 1997; 2nd ed. London: Chapman & Hall.

Zhou, X.; Yang, C.; Yesmin, S.; Islam, M.A.; Sarkar, A. Bibliometric Analysis of Integrated Pest
Management Practices. Horticulturae 2023, 9, 852, doi:10.3390/horticulturae9080852.

FAO (2020) NSP - Integrated Pest Management, FAO
definition. http://www.fao.org/agriculture/crops/thematic-sitemap/theme/pests/ipm/en/.
Ehi-Eromosele, C.O.; Nwinyi, O.C.; Ajani, O.0. Integrated Pest Management. In Weed and Pest
Control - Conventional and New Challenges; Soloneski, S., Ed.; InTech, 2013 ISBN 978-953-51-
0984-6.

Breed, M.F.; Cross, A.T.; Wallace, K.; Bradby, K.; Flies, E.; Goodwin, N.; Jones, M.; Orlando,
L.; Skelly, C.; Weinstein, P.; Aronson, J. Ecosystem Restoration: A Public Health
Intervention. EcoHealth 2021, 18,269-271, doi:10.1007/s10393-020-01480-1.

Kremen, C.; Chaplin-Kramer, R. Insects as Providers of Ecosystem Services: Crop Pollination and
Pest Control. In Insect Conservation Blology; Stewart, A.J.A., New, T.R., Lewis, O.T., Eds.;
CABI Publishing: Cambridge, MA, USA, 2007; pp. 349-382. [Google Scholar]

121


https://doi.org/10.1002/wcc.461
https://doi.org/10.1002/ecm.1553
https://doi.org/10.1038/s41598-017-14989-3
https://doi.org/10.1046/j.1365-2486.2002.00451.x
https://doi.org/10.1038/s41598-023-28628-7
https://doi.org/10.2741/3200
https://doi.org/10.1038/s43016-022-00464-4
https://doi.org/10.1038/s43016-022-00464-4
https://doi.org/10.1016/j.tplants.2021.02.011
https://doi.org/10.1111/tpj.15483
https://doi.org/10.1017/S0376892907003669
https://scholar.google.com/scholar_lookup?title=Biodiversity+and+Pest+Management+in+Agroecosystems&author=Altieri,+M.A.&publication_year=1994
https://doi.org/10.1186/s12915-019-0638-4
https://doi.org/10.3390/horticulturae9080852
http://www.fao.org/agriculture/crops/thematic-sitemap/theme/pests/ipm/en/
https://doi.org/10.1007/s10393-020-01480-1
https://scholar.google.com/scholar_lookup?title=Insects+as+Providers+of+Ecosystem+Services:+Crop+Pollination+and+Pest+Control&author=Kremen,+C.&author=Chaplin-Kramer,+R.&publication_year=2007&pages=349%E2%80%93382

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Gao, J.; Kovats, S.; Vardoulakis, S.; Wilkinson, P.; Woodward, A.; Li, J.; Gu, S.; Liu, X.; Wu, H.;
Wang, J.; et al. Public Health Co-Benefits of Greenhouse Gas Emissions Reduction: A Systematic
Review. Science of The Total Environment 2018, 627, 388402,
doi:10.1016/j.scitotenv.2018.01.193.

Dobson, A.P.; Bradshaw, A.D.; Baker, A.J.M. Hopes for the Future: Restoration Ecology and
Conservation Biology. Science 1997, 277, 515-522, doi:10.1126/science.277.5325.515
Hermoso, V.; Carvalho, S.B.; Giakoumi, S.; Goldsborough, D.; Katsanevakis, S.; Leontiou, S.;
Markantonatou, V.; Rumes, B.; Vogiatzakis, I.N.; Yates, K.L. The EU Biodiversity Strategy for
2030: Opportunities and Challenges on the Path towards Biodiversity Recovery. Environmental
Science & Policy 2022, 127,263-271, do0i:10.1016/j.envsci.2021.10.028.

Bellard, C.; Bertelsmeier, C.; Leadley, P.; Thuiller, W.; Courchamp, F. Impacts of Climate Change
on the Future of Biodiversity: Biodiversity and Climate Change. Ecology Letters2012, 15, 365—
377, doi:10.1111/5.1461-0248.2011.01736.x.

Reyer, C.; Guericke, M.; Ibisch, P.L. Climate Change Mitigation via Afforestation, Reforestation
and Deforestation Avoidance: And What about Adaptation to Environmental Change? New
Forests 2009, 38, 15-34, doi:10.1007/s11056-008-9129-0.

Cunningham, S.C.; Mac Nally, R.; Baker, P.J.; Cavagnaro, T.R.; Beringer, J.; Thomson, J.R.;
Thompson, R.M. Balancing the Environmental Benefits of Reforestation in Agricultural
Regions. Perspectives in Plant Ecology, Evolution and Systematics 2015, 17, 301-317,
doi:10.1016/j.ppees.2015.06.001.

Gullino, M.L.; Albajes, R.; Al-Jboory, 1.; Angelotti, F.; Chakraborty, S.; Garrett, K.A.; Hurley,
B.P.; Juroszek, P.; Lopian, R.; Makkouk, K.; et al. Climate Change and Pathways Used by Pests
as Challenges to Plant Health in Agriculture and Forestry. Sustainability 2022, 14, 12421.
https://doi.org/10.3390/sul41912421

Sutherst, R.W.; Constable, F.; Finlay, K.J.; Harrington, R.; Luck, J.; Zalucki, M.P. Adapting to
crop pest and pathogen risks under a changing climate. WIREs Clim. Change 2011, 2, 220-237.
[Google Scholar] [CrossRef]

Jagermeyr, J.; Miiller, C.; Ruane, A.C.; Elliott, J.; Balkovic, J.; Castillo, O. Climate impacts on
global agriculture emerge earlier in new generation of climate and crop models. Nat.
Food 2021, 2, 873—-885. [Google Scholar] [CrossRef]

Arora, V.K.; Montenegro, A. Small Temperature Benefits Provided by Realistic Afforestation
Efforts. Nature Geosci 2011, 4, 514-518, doi:10.1038/ngeo1182.

Nilsson, S.; Schopfhauser, W. The Carbon-Sequestration Potential of a Global Afforestation
Program. Climatic Change 1995, 30, 267-293, doi:10.1007/BF01091928.

Balaban, O.; Puppim de Oliveira, J.A. Sustainable buildings for healthier cities: Assessing the co-
benefits of green buildings in Japan.J. Clean. Prod.2017, 163, S68—S78. [Google Scholar]
[CrossRef]

Liu, T.; Chen, L.; Yang, M.; Sandanayake, M.; Miao, P.; Shi, Y.; Yap, P.-S. Sustainability
Considerations of Green Buildings: A Detailed Overview on Current Advancements and Future
Considerations. Sustainability 2022, 14, 14393. https://doi.org/10.3390/su142114393.

Berkes, F. Implementing Ecosystem-Based Management: Evolution or Revolution?
Implementing Ecosystem-Based Management. Fish Fish 2012, 13, 465476, doi:10.1111/].1467-
2979.2011.00452 x.

Pfeiffer, J.M.; Voeks, R.A. Biological Invasions and Biocultural Diversity: Linking Ecological
and Cultural Systems. Envir. Conserv. 2008, 35, 281, doi:10.1017/S0376892908005146.

Young, J.; Watt, A.; Nowicki, P.; Alard, D.; Clitherow, J.; Henle, K.; Johnson, R.; Laczko, E.;
McCracken, D.; Matouch, S.; et al. Towards Sustainable Land Use: Identifying and Managing the
Conflicts between Human Activities and Biodiversity Conservation in Europe. Biodivers
Conserv 2005, 14, 1641-1661, do0i:10.1007/s10531-004-0536-z.

LaCanne, C.E.; Lundgren, J.G. Regenerative Agriculture: Merging Farming and Natural Resource
Conservation Profitably. PeerJ 2018, 6, e4428, doi:10.7717/peerj.4428.

Duncan, J., Wiskerke, J.S.C., Carolan, M.S., Routledge Handbook of Sustainable and
Regenerative Food Systems; Eds.; Routledge handbooks; Routledge, Taylor & Francis Group:
London; New York, 2021; ISBN 978-0-429-46682-3.

Ngosong, C.; Okolle, J.N.; Tening, A.S. Mulching: A Sustainable Option to Improve Soil Health.
In Soil Fertility Management for Sustainable Development; Panpatte, D.G., Jhala, Y.K., Eds.;
Springer Singapore: Singapore, 2019; pp. 231-249 ISBN 9789811359033.

Handayani, I.P.; Hale, C. Healthy Soils for Productivity and Sustainable Development in
Agriculture. IOP Conf. Ser.: Earth Environ. Sci. 2022, 1018, 012038, doi:10.1088/1755-
1315/1018/1/012038.

Magdoff, F.; Van Es, H. Building Soils for Better Crops: Ecological Management for Healthy
Soils; Sustainable Agriculture Research and Education Program, 2021.

122


https://doi.org/10.1016/j.scitotenv.2018.01.193
https://doi.org/10.1126/science.277.5325.515
https://doi.org/10.1016/j.envsci.2021.10.028
https://doi.org/10.1111/j.1461-0248.2011.01736.x
https://doi.org/10.1007/s11056-008-9129-0
https://doi.org/10.1016/j.ppees.2015.06.001
https://doi.org/10.3390/su141912421
https://scholar.google.com/scholar_lookup?title=Adapting+to+crop+pest+and+pathogen+risks+under+a+changing+climate&author=Sutherst,+R.W.&author=Constable,+F.&author=Finlay,+K.J.&author=Harrington,+R.&author=Luck,+J.&author=Zalucki,+M.P.&publication_year=2011&journal=WIREs+Clim.+Change&volume=2&pages=220%E2%80%93237&doi=10.1002/wcc.102
https://doi.org/10.1002/wcc.102
https://scholar.google.com/scholar_lookup?title=Climate+impacts+on+global+agriculture+emerge+earlier+in+new+generation+of+climate+and+crop+models&author=J%C3%A4germeyr,+J.&author=M%C3%BCller,+C.&author=Ruane,+A.C.&author=Elliott,+J.&author=Balkovic,+J.&author=Castillo,+O.&publication_year=2021&journal=Nat.+Food&volume=2&pages=873%E2%80%93885&doi=10.1038/s43016-021-00400-y
https://doi.org/10.1038/s43016-021-00400-y
https://doi.org/10.1038/ngeo1182
https://doi.org/10.1007/BF01091928
https://scholar.google.com/scholar_lookup?title=Sustainable+buildings+for+healthier+cities:+Assessing+the+co-benefits+of+green+buildings+in+Japan&author=Balaban,+O.&author=Puppim+de+Oliveira,+J.A.&publication_year=2017&journal=J.+Clean.+Prod.&volume=163&pages=S68%E2%80%93S78&doi=10.1016/j.jclepro.2016.01.086
https://doi.org/10.1016/j.jclepro.2016.01.086
https://doi.org/10.3390/su142114393
https://doi.org/10.1111/j.1467-2979.2011.00452.x
https://doi.org/10.1111/j.1467-2979.2011.00452.x
https://doi.org/10.1017/S0376892908005146
https://doi.org/10.1007/s10531-004-0536-z
https://doi.org/10.7717/peerj.4428
https://doi.org/10.1088/1755-1315/1018/1/012038
https://doi.org/10.1088/1755-1315/1018/1/012038

89. Kopittke, P.M.; Minasny, B.; Pendall, E.; Rumpel, C.; McKenna, B.A. Healthy Soil for Healthy
Humans and a Healthy Planet. Critical Reviews in Environmental Science and Technology 2023,
1-12, doi:10.1080/10643389.2023.2228651.

90. Kremen, C.; Merenlender, A.M. Landscapes That Work for Biodiversity and
People. Science 2018, 362, eaau6020, doi:10.1126/science. aau6020.

9. Conclusion

9.1 Final Reflection

The Anthropocene has placed humanity at a crossroads. Never has our species wielded
such profound influence over the planet’s systems, yet this power has come at great cost:
environmental degradation, biodiversity loss, and deepening inequalities. These
challenges are not merely scientific or technical—they are cultural, ethical, and
existential. They compel us to ask fundamental questions about who we are, how we live,
and what kind of future we wish to build. At the heart of this inquiry lies a critical
reimagining of humanity’s relationship with the natural world.

This thesis has argued that addressing the crises of the Anthropocene requires a paradigm
shift, one that integrates the insights of the humanities with scientific and technological
knowledge. The humanities, with their focus on values, narratives, and meaning, invite
us to think deeply about the consequences of our actions—not just for ourselves, but for
other species, ecosystems, and generations yet unborn. They remind us that sustainability
is not only a matter of efficiency or resource management but also a question of ethics,
aesthetics, and justice.

One of the central themes of this research is the enduring relevance of ancient wisdom in
addressing contemporary challenges. The Roman Empire’s sophisticated water
management systems, the ethical frameworks embedded in classical travel practices, and
the symbolic and ecological roles of historic gardens all testify to humanity’s capacity to
harmonize progress with ecological balance. These examples reveal that sustainable
solutions often emerge from a dialogue between past and present. By rediscovering and
adapting historical practices, we can craft innovative strategies for resilience and
sustainability. However, learning from the past is not merely about replication; it requires
reinterpretation. Ancient systems were created within specific cultural and environmental
contexts, and their application to modern challenges must account for the complexities of
globalization, climate change, and urbanization. This process of reinterpretation
underscores the importance of interdisciplinary collaboration, where the humanities
provide the cultural and ethical lens through which we can evaluate and adapt historical

insights for the future.
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The Anthropocene demands that we rethink conventional notions of progress and well-
being. For centuries, economic growth and technological advancement have been equated
with human flourishing. Yet, as this thesis has demonstrated, unchecked development
often leads to unintended consequences, undermining the ecological and social systems
on which life depends. Progress in the Anthropocene must be redefined to prioritize
balance, equity, and resilience. The humanities contribute to this redefinition by
challenging anthropocentric narratives of control and domination. They encourage us to
view the natural world not as a resource to be exploited but as a partner in a shared
existence. This shift requires a cultural transformation—a move toward humility, care,
and a recognition of the intrinsic value of the more-than-human world.

Throughout this thesis, gardens, insects, and cultural landscapes have emerged as spaces
where humans and nature intersect, offering opportunities for community engagement
and collective action. Historic gardens, for instance, are not just relics of the past; they
are living laboratories for sustainability, spaces where biodiversity thrives, and people
reconnect with nature. Similarly, entomological collections preserve not only biodiversity
but also the cultural narratives that shape our understanding of the natural world.

These examples highlight the potential for shared spaces -both physical and intellectual-
to foster collaboration and dialogue. By engaging communities in the stewardship of
natural and cultural heritage, we can cultivate a sense of responsibility and belonging that
is essential for long-term sustainability.

Ultimately, the challenges of the Anthropocene are a test of humanity’s capacity to
coexist—not only with other species but also with each other. Climate change, resource
depletion, and biodiversity loss are global problems that require collective solutions. Yet,
these crises disproportionately affect vulnerable populations, exposing deep inequities in
the distribution of environmental risks and benefits. Addressing these injustices requires
an ethic of care that extends across species, geographies, and generations.

The Environmental Humanities provide the conceptual tools to foster this ethic. By
emphasizing interconnectedness, reciprocity, and justice, they encourage us to see
ourselves not as isolated individuals but as part of a larger ecological and social web. This
perspective is crucial for building a future that is not only sustainable but also equitable
and inclusive.

This thesis concludes with a call to action: to place the humanities at the heart of
environmental discourse and practice. The Anthropocene is a moment of reckoning, but

it is also an opportunity -a chance to reimagine our relationship with the Earth and each
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other. By integrating the lessons of history, the insights of the humanities, and the tools
of science, we can craft a vision of sustainability that honors the complexity and richness
of life on this planet. This is not an easy task. It requires humility, creativity, and courage.
But as this research has shown, humanity has always possessed the capacity for adaptation
and innovation. The gardens, cultural landscapes, and entomological collections explored
in this thesis are a testament to that resilience. They remind us that even in times of crisis,
we can find inspiration in the beauty, diversity, and wisdom of the natural world. In the
words of Aldo Leopold, “We abuse land because we regard it as a commodity belonging
to us. When we see land as a community to which we belong, we may begin to use it with
love and respect.”

This thesis calls for a renewed sense of belonging to the Earth, to each other, and to the

intricate web of life that sustains us all.

9.2 Synthesis of Key Findings

The Role of the Humanities in Environmental Discourse

The research has highlighted the often-overlooked contributions of the humanities to
environmental stewardship. Philosophy, literature, history, and the arts provide critical
tools for interrogating the narratives and values that shape our relationship with the
environment. These disciplines foster a nuanced understanding of sustainability that
transcends purely technical or economic solutions, emphasizing the need for cultural and

ethical transformation.

Lessons from the Past for Sustainable Futures

Case studies on historic gardens, cultural landscapes, and ancient practices have
demonstrated the enduring relevance of past knowledge in shaping contemporary
sustainability efforts. The insights derived from Roman engineering, ancient water
management systems, and classical travel ethics reveal how humanity has long grappled
with balancing progress and ecological harmony. These lessons remind us that sustainable

solutions often lie in reinterpreting and adapting historical practices to modern challenges.
Entomology as a Bridge Between Science and Culture

The study of insects, from their ecological roles to their cultural representations,

highlights the intersection of scientific inquiry and humanistic reflection. Entomological
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collections and narratives not only preserve biodiversity but also deepen our appreciation
of the interconnectedness of all life forms. The potential of insects as a sustainable food
source further illustrates how entomology can contribute to addressing critical global

issues such as food security and environmental resilience.

Gardens as Microcosms of Sustainability and Cultural Identity
Historic and contemporary gardens encapsulate the dual role of cultural and natural
heritage in fostering sustainability. These spaces serve as living examples of humanity’s
creative engagement with nature, providing lessons on ecological stewardship,
community resilience, and the integration of biodiversity into urban and rural

environments.

As the Anthropocene challenges humanity to confront its profound impact on the
planet, this thesis argues for a repositioning of humans within the broader ecological web.
The Anthropocene demands a cultural shift from domination to collaboration, from
exploitation to stewardship. The insights of the environmental humanities, combined with
scientific knowledge, provide a foundation for this shift, emphasizing interdependence,
reciprocity, and respect for the intrinsic value of the natural world.

This research makes several contributions to both academic discourse and practical
sustainability efforts:

e It advocates for the integration of humanistic perspectives into policy and
education, ensuring that ethical and cultural considerations are central to
environmental decision-making.

e It proposes the adaptation of ancient practices, such as water management and
sustainable travel ethics, to address modern climate challenges and promote
resilience.

o It highlights the importance of cultural and natural heritage, including gardens and
entomological collections, as tools for fostering community engagement and

environmental awareness.

9.3 Future Directions

The findings of this thesis open avenues for further exploration:
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Expanding Interdisciplinary Research: Future studies could deepen the integration
of environmental humanities with other scientific disciplines, such as climate
science, urban planning, and conservation biology.

Global Perspectives: Comparative research on cultural landscapes, entomophagy,
and sustainable practices across different cultures could enrich our understanding
of humanity’s diverse responses to ecological challenges.

Policy and Education: Developing frameworks that incorporate humanistic
insights into environmental education and policymaking could drive systemic

change toward sustainability.
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