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Toward a Unitive Narrative and Worldview: An
Integrative Response to the Global Metacrisis

Wendy Ellyatt

Abstract- This paper presents a reflective condensation of the
2025 White Paper commissionedfor the three year Galileo
Commission Worldviews Study. This explored the emergence
of a Unitve Worldview and Narrative as an integrative
response to the metacrisis—a convergence of ecological,
social, epistemic, and existential breakdowns facing humanity.
Building on the legacy of the Integrative Worldview suggestion
that was explored in Year One, the paper sought to advance
the discussion by weaving together insights from
developmental psychology, systems thinking, Indigenous
cosmologies, spiritual philosophy, quantum science, and
regenerative design. It proposed that the Unitive Worldview
represents an evolutionary synthesis: one that transcends
fragmentation and dualism by recognizing the relational,
participatory, and co-creative nature of reality. Within this
frame, flourishing is not merely an individual or material
pursuit, but a systemic condition rooted in coherence—
between self and other, society and ecology, inner life and
outer systems. Eco-systemic flourishing is presented as a
practical expression of this worldview shift, offering a values-
based, developmentally grounded, and context-sensitive
model for measuring and cultivating wellbeing across
generations and cultures. By aligning ontology, ethics,
education, and governance with the principles of interbeing
and interdependence, the Unitive Worldview offers a compass
for regenerating human and planetary systems.

Keywords:  metacrisis, integrative, regenerative,
flourishing,  ecology,  education,  ethics,  future
generations.

I. INTRODUCTION: THE METACRISIS AS A
WORLDVIEW CHALLENGE

n an era of unprecedented complexity and

transformation, five interrelated global crises highlight

the wurgency of adopting a more integrative
worldview—one that transcends outdated paradigms
and fosters a holistic, adaptive approach to the
challenges of the 21st century. Technological disruption
is rapidly reshaping economies, labour markets, and
governance through artificial intelligence, automation,
and digital realities, raising pressing questions about the
future of work and societal structures (Brynjolfsson &
McAfee, 2014; Ford, 2015). At the same time, ecological
collapse, driven by climate change and biodiversity loss,
poses existential threats to planetary survival,
necessitating urgent systemic change (IPBES, 2019;
IPCC, 2022). Alongside these environmental and
technological shifts, geopolitical fragmentation—marked
by rising authoritarianism, economic inequality, and the

Author: e-mail: wendyellyatt@gmail.com

erosion of democratic institutions—fuels  global
instability and polarization (Fukuyama, 2018; Mounk,
2018).

Compounding these crises is a meaning crisis,
wherein the collapse of shared values and social
disconnection leads to widespread existential
uncertainty and disengagement (Putnam, 2000; Taylor,
2007). Finally, the proliferation of hyperreality and
information warfare, driven by misinformation and the
manipulation of subjective truths, has further eroded
public trust in science, governance, and collective
decision-making (Baudrillard, 1994; (O’Connor &
Weatherall, 2019). These crises, though distinct in their
manifestations, are deeply interconnected, reinforcing
the need for an epistemological and cultural shift toward
a more holistic, relational and systems-based approach
to global problem-solving. Only by integrating scientific
materialism, wisdom traditions, and participatory
governance can humanity navigate these profound
challenges and co-create a more resilient and
sustainable future. Our worldviews—our cognitive,
social, and metaphysical lenses—directly influences
decision-making, policy, and societal structures. The
limitations of reductionist materialism have contributed
to environmental destruction and social alienation.
Conversely, purely intuitive/spiritual perspectives often
lack empirical grounding. An Integrative Worldview
reconciles these extremes, offering a more complete
epistemology for understanding and navigating
complexity (Ellyatt, 2024). Worldviews are not merely
abstract philosophical constructs; they operate at the
level of identity, morality, and institutional logic. They
influence what counts as knowledge, how priorities are
set, and how relationships—between humans, nature,
and technology—are conceived. The dominant
worldview of the modern industrial era, often termed
'reductionist materialism,' privileges objectivity, control,
and individualism. It sees the world as a machine, life as
a resource, and progress as linear. This paradigm, while
powerful in enabling scientific and technological
development, is increasingly recognized as inadequate
for navigating the entangled, multi-scalar challenges of
the Anthropocene (Capra & Luisi, 2014). Alternative
worldviews have long existed alongside dominant

paradigms. Indigenous cosmologies, Eastern
philosophies, and holistic systems thinkers have
articulated  relational, cyclical, and participatory

understandings of reality. However, these perspectives
have often been marginalized, suppressed, or treated
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as pre-modern. Today, many of their insights are being
re-evaluated in light of complex systems science,
guantum theory, and transpersonal psychology (Laszlo,
2004; Wilber, 2000). This re-evaluation signals the
emergence of a new integrative paradigmm—what some
call a 'Unitive Narrative and Worldview'—which seeks to
transcend dualisms and reconcile the inner and outer,
spiritual and scientific, individual and collective.

In this paper, we propose that this is not only
desirable but necessary. It offers a coherent frame for
responding to the metacrisis at its root, by shifting the
foundational assumptions that underpin  human
systems. Through a review of worldview evolution, we
aim to demonstrate how such a shift can inform
education, governance, and cultural transformation.
Ultimately, we argue that the Unitive paradigm provides
a compass for regenerating coherence across fractured
systems—within ourselves, our societies, and the living
Earth.

[I. METHODOLOGY AND SCOPE

This paper serves as a reflective synthesis of
the Galileo Commission’s Year 2 White Paper, which
formed part of a three-year Worldviews Study examining
the emergence of integrative paradigms in response to
the global metacrisis. The methodology employed is
primarily conceptual and metatheoretical, drawing upon
a broad, multidisciplinary literature base rather than
empirical or experimental data. It consolidates insights
gathered through an extensive review of developmental
psychology, systems science, Indigenous
epistemologies, quantum theory, narrative studies, and
spiritual philosophy. These were brought together in the
original white paper through a process of thematic
integration and worldview mapping. Rather than
advocating for a specific model or framework, this paper
distils the core patterns and propositions identified
across those diverse domains—particularly the
emergent features of what has been termed the Unitive
Worldview. Among the frameworks discussed in the
White Paper, the Eco-Systemic Flourishing (ESF) model
was presented as one illustrative application of unitive
principles. Other integrative contributions from spiritual,
scientific, and civil society sources are also
acknowledged and situated within the broader
synthesis. The role of the arts is further expanded as an
essential element.

The aim of this paper is to make accessible the
central findings of the Galileo Worldviews Study for a
scholarly audience, providing a clear conceptual
foundation from which further empirical work,
institutional innovation, and cultural discourse might
proceed. lts orientation is heuristic rather than
prescriptive—mapping the contours of a worldview in
formation and inviting ongoing engagement across
academic, policy, and community settings.

© 2025 Global Journals

I1I. EVOLUTIONARY PERSPECTIVES ON
WORLDVIEW DEVELOPMENT

Human worldviews evolve in both cultural and
cognitive domains. Developmental psychologists and
philosophers of mind have emphasized that worldview
development is not static but unfolds in structured
patterns that reflect growing cognitive complexity and
moral awareness. Piaget's foundational work on
cognitive stages laid the groundwork for understanding
how human reasoning expands from concrete
operational thinking to formal abstraction (1960).
Vygotsky emphasized that human development is a
social and cultural process, not solely an individual one
(1978). And Kegan extended this trajectory into
adulthood with his concept of self-authorship,
describing how individuals gradually shift from being
shaped by social systems to constructing and
integrating their own values, identities, and perspectives
(1994).

The Unitive Worldview emerges as a coherent
synthesis at these higher stages. It is not simply an
amalgamation of prior paradigms but an integrative
epistemology that honors both differentiation and
wholeness. It reflects a developmental readiness to hold
paradox, navigate ambiguity, and synthesize diverse
perspectives into coherent patterns. This worldview
embraces relational intelligence, inner transformation,
and participatory engagement as central to human
maturity. Neuroscience also contributes to this
understanding. lain  McGilchrist (2023) draws on
hemispheric brain research to argue that Western
culture has become excessively dominated by left-
hemisphere, analytic modes of attention, which
fragment reality into parts and emphasize control. In
contrast, the right hemisphere’s mode of knowing is
contextual, relational, and integrative. McGilchrist
suggests that healing our epistemic crisis requires
restoring balance between these ways of knowing.

These developmental models show that
worldview shifts are not simply ideological changes but
transformations in perception, identity, and relational
capacity. They are often catalyzed by crisis, dissonance,
or spiritual insight. As individuals grow, they increasingly
perceive themselves not as isolated agents, but as
participants  in  interconnected  systems—social,
ecological, and cosmological.

Importantly, these worldview developments are
not guaranteed. Many adults plateau at earlier stages
due to social conditioning, trauma, or institutional
constraints. Education systems, economic pressures,
and cultural norms can reinforce egocentric or
ethnocentric stages of development, limiting the
emergence of integrative consciousness. Thus,
facilitating worldview evolution requires intentional
cultural, pedagogical, and policy interventions.
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Research from Indigenous epistemologies
complements these developmental models. Rather than
framing human maturation solely in terms of abstract
reasoning, many traditional cultures emphasize
relational responsibility, embeddedness in place, and
spiritual coherence. For example, the Diné (Navajo)
principle of Hozhd conveys a worldview centred on
harmony, balance, and beauty (Kahn, J & Koithan, N
2015), values aligned with what developmental theorists
might describe as integral consciousness. Integrating
such traditions into global developmental discourse
expands our understanding of what maturity entails.
These educational insights align with practices such as
dialogue circles, contemplative inquiry, and systems
mapping that are increasingly being used to support
worldview transformation across educational and
organizational contexts. In this context, the Unitive
Worldview should be understood not as an endpoint but
as an emergent capacity—a living, dynamic orientation
to life. It integrates the rational with the intuitive, the
personal with the planetary, and the scientific with the
sacred. Recognizing this potential across individuals
and communities opens up possibilities for systemic
transformation rooted in compassion, complexity
literacy, and planetary care.

IV. THE INFLUENCE OF LANGUAGE ON
WORLDVIEW FORMATION

Language is not simply a tool for
communication; it is a foundational shaper of perception
and thought. The Sapir-Whorf hypothesis posits that the
grammatical structures and vocabularies of a language
influence the cognitive patterns and cultural outlooks of
its speakers (Whorf, 1956). Languages rich in verbs and
relational syntax—such as many Indigenous and
Eastern tongues—encourage a worldview grounded in
interconnection, flow, and becoming. In contrast,
Western Indo-European languages, with their emphasis
on nouns and fixed categories, often reinforce dualism
and objectification (Kimmerer, 2013). This linguistic
distinction aligns with Alfred North Whitehead'’s critique
of “the fallacy of misplaced concreteness,” whereby
abstract categories are treated as the fundamental units
of reality, masking the primacy of dynamic processes
(Whitehead, 1929). Robin Wall Kimmerer further
illustrates this through Potawatomi grammar, which
treats natural entities—rivers, rocks, trees—not as static
objects but as animate relations, reshaping our ethical
and ontological engagement with the world. The erosion
of verb-rich relational language has, as Don Trent
Jacobs (Four Arrows) argues, contributed to the
dominance of objectifying and extractive worldviews,
weakening our cognitive and emotional ties to the more-
than-human world (Jacobs, 2006). Reclaiming these
languages or adopting relational metaphors in
education and public discourse may thus support what

he calls “epistemic healing,” reorienting consciousness
toward interbeing and participatory ethics.

Mathematics, often celebrated for its precision
and universality, is more than a neutral tool for
quantification. It is also a symbolic language that
encodes particular ontological and epistemological
assumptions—assumptions that shape how we
understand the world and our place within it. Classical
Western mathematics developed within the worldview of
Cartesian-Newtonian  mechanics: a paradigm of
separation, linear causality, and external control. It
privileges  static  entities, reductionism,  and
measurement, reflecting a broader cultural commitment
to objectivity and predictability. In this frame, nature
becomes an equation to be solved, rather than a living
system to be engaged. Yet mathematics is not
monolithic. Within its depths lie other traditions—
ancient, Indigenous, and emergent—that foreground
relationship, flow, and transformation. As our planetary
crisis reveals the limitations of mechanistic worldviews,
mathematical thought itself is undergoing a quiet
revolution. A number of influential mathematicians and
systems theorists have contributed to the development
of mathematical frameworks that reflect the dynamics of
coherence, regeneration, and living systems. Robert
Rosen pioneered relational biology by distinguishing
living systems from mechanistic models through
anticipatory systems theory (Rosen, 1991). Brian
Goodwin  applied  nonlinear  mathematics  to
morphogenesis, illustrating how patterns in biological
development emerge from underlying generative
principles (Goodwin, 1994). Similarly, D’Arcy Wentworth
Thompson’s early work in biological form revealed how
growth processes follow geometrical and physical laws
(Thompson, 1917). Louis Kauffman’'s explorations of
recursive logic and self-reference in knot theory and
cybernetics provide insights into the feedback dynamics
of self-organising systems (Kauffman, 2001).

In the realm of theoretical physics, David
Bohm’s implicate order framed mathematics as a
symbolic language for deep coherence and wholeness
(Bohm, 1980). Meanwhile, llya Prigogine’s work on
dissipative structures demonstrated how open systems
far from equilibrium can self-organise into new forms of
order (Prigogine & Stengers, 1984). Contemporary
advances in category theory, such as those of William
Lawvere and Vladimir Voevodsky, offer abstract yet
powerful tools for modelling relationships and
transformations rather than static entities (Lawvere &
Schanuel, 2009). Applied mathematicians like Nikos
Salingaros have extended this thinking to architecture
and urban design, formalising principles of spatial
coherence and generative form (Salingaros, 2006).
Together, these contributions support a shift from
reductionist abstraction to relational mathematics
aligned with the principles of life and regeneration. In
sum, mathematics is not just about what we can
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calculate—it is about what we can comprehend. When it
supports relational awareness, pattern resonance, and
systemic integration, it becomes a vital ally in the
emergence of a new planetary consciousness.
Reframed through a Unitive lens, mathematical thinking
no longer flattens the world into dead mechanism; it
sings of a living, interconnected cosmos—one in which
form, function, and flourishing are indivisible.

V. Kty FEATURES OF THE UNITIVE
WORLDVIEW

a) Reality, under the Unitive Worldview, is Apprehended
not as a Collection of Separate Entities Butas a Web
of Becoming

Interactions that co-arise and co-constitute the
world. Process philosophy and quantum mechanicsboth
challenge the metaphysical assumptions of substance-
based ontology. These perspectives align with

Indigenous worldviews that treat land, ancestors, and

ecosystems as sentient participants in relational life-

worlds. For instance, the Maori concept of whakapapa
conveys layered kinship across time, space, and
species (Roberts, 2004). In such worldviews, ethics and
ontology are inseparable: to exist is to be in relation.

Recognition of ontological relationality reframes identity

from autonomy to mutuality, inviting a deeper sense of

interbeing and responsibility.

b) A Plurality of Ways of Knowing

Integral epistemology seeks to dissolve the
binary between subjective and objective knowledge by
recognizing diverse ways of knowing and becoming.
Ferrer's participatory turn  (2002) and Santos’s
“epistemologies of the South” (2014) challenge Western
epistemic  monocultures, advocating instead for
transrational, embodied, and spiritual knowledges
rooted in lived realities. This resonates with the work of
Varela and Thompson on enactive cognition, where
knowing arises from embodied interaction with the world
(1991). Alan Rayner’s concept of “inclusionality”
redefines organisms not as bounded entities but as
dynamic patterns of reciprocal flow (2011). Such
thinking demands not only cognitive integration but also
humility—a capacity to hold multiple truths without
collapsing into relativism. Nora Bateson’s "Warm Data"
approach illustrates this by emphasizing contextuality,
coherence, and qualitative complexity in perception
(2021). Epistemology becomes not merely a method but
a moral orientation toward life.

c) Ethics Emerges from Relational Ontology

This is not ethics as abstract rule but as lived
responsiveness to context, community, and planet.
Ubuntu (“I am because we are”) exemplifies an ethic of
mutual recognition; Buen Vivir frames wellbeing as
harmonious integration with Pachamama; Confucian
role ethics emphasizes responsibility embedded in
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relational roles (Tu, 2004). These traditions contrast with
Enlightenment ethics that prioritize autonomy and
universality. Participatory ethics holds space for
dialogue, situated judgment, and evolving reciprocity. It
invites not only ecological responsibility but also
healing—of interpersonal wounds, historical injustice,
and intergenerational trauma. Contemporary
applications include climate assemblies, restorative
justice circles, and regenerative economics. These
practices model ethics as a living, collective practice
grounded in presence and care.

d) Narrative is not Peripheral - it is Ontological

Stories do not merely reflect reality; they co-
create it. Language shapes perception (Sapir-Whorf
hypothesis 1929), and thus reclaiming verb-rich,
relational grammars—as Kimmerer and Four Arrows
suggest—can alter our ontological frame. Pluralism here
is not moral relativism but cosmological humility: the
recognition that no single worldview holds the whole.
Mythopoetic traditions from diverse cultures—such as
the Dreamtime stories of Aboriginal Australia or the Kogi
people’s cosmologies—express truths carried in
metaphor, ritual, and place. A pluralistic narrative
ecology cultivates resilience, imagination, and
intergenerational  continuity. Cultural healing and
planetary regeneration require the renewal of such
narrative sources, especially those repressed by
colonization and modernity. Media, education, and art
are thus vital arenas for cultivating cosmological
diversity and intercultural empathy.

e) The Unitive Worldview is Developmental

This perspective builds on a long lineage of
developmental theorists who have mapped the evolution
of human meaning-making across the lifespan.
Abraham Maslow’s late-career reflections on “self-
transcendence” expanded his well-known hierarchy of
needs to encompass experiences of unity, wholeness,
and sacredness—qualities closely aligned with the
Unitive paradigm (Maslow, 1971). Similarly, Richard
Barrett’'s model of the Seven Levels of Consciousness
offers a framework for understanding how individuals
and collectives progress from survival and security to
service and systemic contribution, reflecting a
deepening alignment with shared values and planetary
wellbeing (Barrett, 2016). In this frame, development is
not linear but spiral-like—integrating earlier needs while
expanding into new domains of relational and existential
maturity. As Ken Wilber and Robert Kegan suggest, later
stages of adult development involve the capacity to hold
paradox, navigate ambiguity, and act from a sense of
interconnected purpose (Wilber, 2000; Kegan, 1994).
Crucially, these stages are not merely cognitive. They
involve shifts in identity, perception, embodiment, and
relational capacity. Yet access to these higher stages is
not guaranteed. Trauma, social injustice, and structural
inequality often inhibit the emergence of developmental
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coherence. Healing practices—ranging from somatic
integration to collective rituals—are therefore essential
to cultivate the conditions for Unitive awareness. This
has led many scholars to call for “trauma-informed
development” that integrates psychological healing with
cultural  transformation (Mate, 2022). Ultimately,
developmental consciousness invites us to see the
Unitive Worldview not as an abstract ideal but as a living
potential. It is already being expressed in those who can
weave across perspectives, act from compassion, and
design from systems awareness. Scaling this potential
requires not only inner work, but outer structures that
support coherence—from education and parenting to
policy and economics. The future of flourishing thus
depends not only on what we build, but on who we
become. Through its integrative approach to
understanding and enhancing wellbeing at all scales,
the Eco-Systemic Flourishing (ESF) framework (Ellyatt,
2025) presents a recent example of such new thinking,
drawing upon developmental psychology, ecological
systems theory, cultural anthropology, and regenerative
economics to articulate a multi-dimensional view of

flourishing. Rather than treating wellbeing as an
individual attribute or economic outcome, ESF frames it
as the result of dynamic interactions between people,
cultures, and ecosystems.

At its heart, a Unitive Narrative tells the story of
our shared becoming: that we are not isolated beings
navigating a dead universe, but expressions of an
evolving cosmos grounded in meaning, presence, and
mutual care. Rather than ask, “What can | control or
accumulate?”, the Unitive lens asks, “What am I part of,
and how can | participate more consciously and
compassionately?”

Key Features of a Unitive Worldview:

Relational rather than reductionist

Developmental rather than fixed

Participatory rather than extractive

Multicultural and Pluriversal rather than monocultural
Living Systems-Oriented rather than mechanistic
Ethically Generative rather than rule-bound

Table 3: Key Features of a Unitive Worldview, Galileo Worldviews Study White Paper, 2025

Unitive Worldview

Theme Key Insight Implication for Practice
Worldview Humanity s transmomng from duallstlcl and Support worldview literacy in education,
. fragmented paradigms to a relational, . C )
Evolution . ) leadership, and communication strategies.
participatory worldview.
The Unitive Worldview integrates science,

spirituality, Indigenous wisdom, and systems

Encourage cross-disciplinary dialogue and
integrative frameworks in policy and learning.

thinking.
. Healing and flourishing require embodied, . . .
Consciousness . Promote somatic, relational, and community-
) trauma-informed, and culturally  coherent : .
and Embodiment based mental health and wellbeing practices.
approaches.
. There is global momentum to redefine progress | Adopt inclusive, developmental, and values-
Wellbeing L . .
Measurement through holistic and culturally relevant wellbeing | based frameworks such as Eco-Systemic

metrics.

Flourishing.

Future Generations

Intergenerational justice is gaining legal and
moral traction in governance and global policy.

Institutionalize foresight tools and long-term
wellbeing mandates at national and global
levels.

Language and

Perception

Language shapes reality: relational, verb-based,
and indigenous grammars promote holistic
worldviews.

Shift narratives in education, media, and
governance to foster systems awareness and
empathy.

Mathematics and

Emerging mathematical models (e.g. process

Integrate living systems mathematics into

Meanin geometry, transfigural logic) reflect the relational | science education and design
9 nature of life. methodologies.

Trauma and | Healing personal and collective trauma is Icngﬁ:rtencz |223r éju?t\(]ergpmfgt’en;;%i

Collective Healing | foundational for societal transformation. initiatives ’ 9

Transform universities into unitive hubs for

Education and | Learning ecosystems must support planetary R, . . o
) g . . o transdisciplinary  innovation and  civic
Universities consciousness and systemic resilience. renewal
Governance and | Regenerative governance integrates care, Devglop ethical ffameworks that honor
Ethics complexity, and moral imagination relational  responsibility, inclusion, and
’ ' planetary health.
V1. EDucATION relational capacity. It plays a foundational role in

Education is not merely the transmission of
knowledge, but the shaping of perception, identity, and

determining the worldviews individuals develop—what
they see as real, valuable, and possible. As such,
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transforming education is essential to any meaningful
transition. This requires not incremental reform but a
paradigm shift: from transmission to transformation,
from standardisation to individuation, and from
separation to relationship. Education in the Unitive
paradigm recognises that the learner is not a passive
recipient of facts, but a living system embedded in other
systems—ecological, cultural, emotional, and spiritual.
Learning is seen as a relational process that cultivates
wholeness rather than fragmentation. Drawing on
integral theory (Wilber, 2000), transformative learning
(Mezirow, 1991; O’Sullivan, 1999), and Indigenous
pedagogies (Narvaez & Four Arrows, 2022), Unitive
Education aims to develop the full spectrum of human
capacities: cognitive, emotional, ethical, intuitive, and
imaginal. At the centre of this model is the importance of
early years development. Research from attachment
theory, neuroscience, and trauma-informed practice
confirms that the first years of life are foundational for
shaping the neurobiological architecture of empathy,
trust, and worldview orientation (Siegel, 2010).
Investment in secure caregiving, imaginative play, and
relational coherence in early childhood is thus not
merely a social good but a cultural imperative. Maria
Montessori, Rudolf Steiner, and Loris Malaguzzi each
recognised this, emphasising the importance of beauty,
rhythm, nature, and autonomy in the early learning
environment.

In later childhood and adolescence, Unitive
Education shifts toward cultivating inner capacities for
discernment, ethical reasoning, and systems thinking.
This can be supported through dialogical inquiry,
contemplative  practice, arts integration, and
engagement with real-world complexity. Practices such
as philosophy for children, ecopedagogy, permaculture
design, and restorative justice circles help students
develop the ability to see patterns, hold paradox, and
act with compassion. These approaches have been
shown to increase not only academic performance but
also wellbeing, empathy, and civic participation (Gidley,
2013; Scharmer, 2023). Higher education and lifelong
learning must also be reimagined. Universities, long
considered the apex of knowledge generation, often
reproduce disciplinary silos and epistemic hierarchies
that are antithetical to integrative wisdom. A shift toward
regenerative learning ecologies—such as those being
pioneered by the Learning Planet Institute and Ubiquity
University—involves  dissolving these silos and
supporting transdisciplinary, embodied, and dialogical
forms of inquiry. It also means rethinking assessment:
moving from performance metrics to portfolios of
practice, developmental feedback, and holistic
evaluation.

A Unitive approach to education is not value-
neutral. It explicitly affirms life, connection, and
flourishing as its orienting principles. It seeks to cultivate
planetary citizens who are not only skilled and informed,
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but also wise, humble, and capable of regenerating the
commons. In a time of planetary transition, education is
perhaps the most strategic lever for cultural
regeneration. The Unitive Worldview offers a renewed
foundation of meaning—one that can reorient education
toward its deepest purpose: the cultivation of wise,
connected, and caring human beings in service of a
living Earth.

VII. THE IMPACT OF TECHNOLOGY

Technology, as both artefact and system, is one
of the most powerful forces shaping modern
consciousness. It structures how we communicate,
learn, work, relate, and even perceive time and space.
Yet technology is not neutral. It reflects and amplifies the
values, assumptions, and worldviews of its creators and
users. As such, the dominant technological paradigm of
the modern-industrial  worldview—characterised by
control, extraction, acceleration, and externalisation—
has contributed significantly to the fragmentation of

planetary systems and the alienation of human
experience.
The  Worldview invites a reorientation: from

technology as tool of domination to technology as
partner in planetary regeneration. This shift entails
designing and deploying technological systems that
reflect the principles of relationality, participation,
interdependence, and care. It calls for a move from
“smart” technologies driven by optimisation and
surveillance to “wise” technologies grounded in
coherence, ethics, and ecological integration. One key
area of transformation lies in artificial intelligence (Al).
The techno-optimist vision, exemplified by Mo Gawdat
(2021), posits that if guided wisely, Al can enhance
collective wellbeing, solve coordination problems, and
unlock new levels of creativity and abundance. This
vision is compelling but incomplete. Critics such as Nate
Hagens (2022) remind us of the biophysical realities—
energy limits, ecosystem thresholds, and the
psychological impacts of automation—that challenge
such aspirations. The Unitive frame does not reject Al
but reframes its telos: what is this intelligence in service
to, and whom does it serve?

From this perspective, Regenerative Al emerges
as a vital concept. Rather than training Al models on
data driven by consumerist logics or extractive histories,
regenerative systems learn from living patterns—
ecological cycles, cultural wisdoms, and relational
ethics. They prioritise coherence over optimisation,
mutuality over manipulation. Pioneering examples
include Al tools for ecological restoration, planetary
boundaries monitoring, polycrisis mapping, and
community participatory planning.Yet such technologies
must be embedded within governance systems that
reflect Unitive values. This includes algorithmic
transparency, democratic participation in design, digital
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rights frameworks, and ethics that evolve with
community input. The model of polycentric governance
(Ostrom, 1990) offers a compelling template:

distributed, relational, and adaptive systems of collective

decision-making that can be mirrored in digital
architectures.
Education in digital ethics and digital

consciousness must also evolve. Beyond teaching
media literacy or coding skills, a Unitive pedagogy
addresses the ontology of technology: how does the use
of this tool shape my experience of time, of self, of the
other, of the world? This reflective layer—rooted in
contemplative practice, philosophy of technology, and
relational epistemologies—is essential for developing
“technological wisdom.” Furthermore, Indigenous and
ancestral perspectives offer profound insights into
technology as relational process. In many such
traditions, tools and materials are embedded in
ceremony, reciprocity, and place-based knowing.
Technology is not divorced from life but integrated into
ethical and spiritual frameworks. This worldview
challenges the Cartesian split between user and object,

inviting a reintegration of the sacred into design
processes.
Finally, emerging technologies such as

biomimicry, distributed ledgers, quantum computing,
and immersive environments hold enormous potential—
but only if guided by wisdom. The question is not simply
what can we build, but who are we becoming as we
build it? The Unitive Worldview calls for a culture of tech
stewardship: designers, engineers, ethicists, artists, and
citizens co-creating systems that honour life, diversity,
and planetary wholeness.In this light, technology
becomes not a threat to humanity but a test of it. Will we
use our powers to dominate or to heal? Will we design
systems that extract or systems that regenerate? The
answers depend on the worldview we inhabit.

VIII. THE ROLE OF THE ARTS

The arts have long served as a mirror and a
compass—reflecting cultural values while also guiding
societies toward new modes of perception, feeling, and
meaning. Within a Unitive Worldview, the arts are not
ancillary but essential. They operate as a form of
aesthetic epistemology: a way of knowing that is
embodied, intuitive, symbolic, and relational. In an age
marked by fragmentation and abstraction, the arts offer
the possibility of reweaving coherence—across inner
and outer experience, across disciplines and cultures,
across generations and species. At their core, artistic
practices engage the integrative faculties of the human
being. They draw upon imagination, empathy, rhythm,
and metaphor—capacities that are central to
developmental maturity and to navigating complexity.
Where analytical thinking isolates, the arts reveal
interconnection; where linear models falter, the arts offer

nonlinear depth. They make visible the invisible
structures of emotion, belonging, and worldview. In this
sense, they are indispensable tools for worldview
transformation.

The Unitive Worldview affirms the arts not simply

as expressions of individual creativity, but as
participatory acts of world-making. Drawing on
Indigenous  aesthetics, ecological design, and

participatory theatre, art is understood as a relational
process—an interaction between humans, materials,
places, and stories. This perspective reframes art as a
communal technology for remembering, healing, and
imagining. Practices such as collective mural-making,
land-based installations, and oral storytelling circles
embody this ethos. They are not only symbolic but
systemic interventions—recalibrating social fields and
ecological awareness. Contemporary artists working
within this frame—such as John D. Liu's ecological
filmmaking (2009), the theatre of Joanna Macyand the
Work That Reconnects (2009), or the mythopoetic
storytelling of Bayo Akomolafe (2020)—demonstrate
how art can serve as a regenerative force. Their work
does not aim to beautify a broken system but to unearth
deeper truths, evoke shared mourning, and catalyse
new patterns of participation. These practices resonate
with what Indigenous scholar Gregory Cajete describes
as ‘“art-as-ceremony”—a process of aligning human
creativity with the cycles and intelligence of the Earth
(Cajete, 1994).

Moreover, the arts are vital in cultivating what
philosopher Maxine Greene called wide-awakeness—a
state of aesthetic and moral alertness to the world’s
suffering and beauty (2022). This attentiveness fosters
what Martha Nussbaum terms the “narrative
imagination”: the abilty to enter other lives,
perspectives, and contexts, thereby expanding ethical
sensitivity and systemic empathy (1996). These are not
soft skills but civic virtues essential for relational
governance and ecological regeneration. In education,
arts-based pedagogies support holistic development
and deeper worldview integration. Programs that
integrate music, movement, visual expression, and
creative writing into learning environments consistently
enhance emotional regulation, cooperative behaviour,
and integrative thinking (Gidley, 2010; Eisner, 2002). In
early years education especially, play and aesthetic
exploration support the development of symbolic
literacy, narrative agency, and embodied cognition—
cornerstones of future capacity for meaning-making.
Within institutional and civic spaces, the arts also play a
transformative role. Participatory art projects can serve
as diagnostics of cultural fragmentation and as
incubators of new social imaginaries. Initiatives like the
UCL Culture Lab, Art. Earth, and the Global Colab
Network show how cross-sectoral collaborations
between artists, scientists, and communities can foster
emergence, insight, and collective coherence. These are
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not decorative interventions—they are infrastructure for
navigating change.

Finally, the arts engage the spiritual and
archetypal layers of human experience. Ritual, symboal,
myth, and sacred geometry have always mediated
between the seen and the unseen. As the Unitive
Worldview re-integrates spirituality with systems thinking,
the arts become a bridge between rational insight and
mystical knowing. In this role, they help recover what
Thomas Berry called the “great conversation” between
humans and the more-than-human world.

In a time of polycrisis, when linear solutions fail
and cultural narratives collapse, the arts invite us into the
nonlinear, the felt, the emergent. They help us mourn
what is lost, celebrate what is sacred, and imagine what
is possible. As such, they are not peripheral to systemic
change—they are central. The flourishing of planetary
life will depend not only on science and policy, but on
our collective capacity to sense, shape, and story a
different world into being.

[X. NARRATIVE INFRASTRUCTURE AND
WORLDVIEW MEDIA

Narratives shape attention, structure values,
and frame collective imagination. They determine not
only what we see, but how we see. As such, the
dominant narratives of an era function as hidden
architectures of meaning, profoundly influencing
behaviour, institutional design, and societal priorities.
The current narrative ecosystem—shaped by economic
rationalism, competitive individualism, and technological
determinism—has reinforced reductionist worldviews.
Mass media often prioritises spectacle over substance,
fragmentation over synthesis, and clickbait over
complexity. In contrast, a Unitive Narrative seeks to
reweave stories of relationship, regeneration, and
collective possibility. To achieve this, we must develop
intentional narrative infrastructures—cultural ecologies
that support coherence, resonance, and pluralistic
wisdom.Conscious media initiatives such as The
Wellbeing Economy Alliance’s Narratives Lab, The
Presencing Institute, and The Unitive Narrative Group
exemplify emerging efforts to transform how stories are
created, circulated, and embodied. These initiatives
recognize that cultural transformation depends as much
on narrative coherence as on policy or economics. Their
work involves “seeding the noosphere” with life-
affirming, system-literate, and spiritually resonant stories
that can guide new forms of collective behaviour.

Equally important is the reclamation and
integration of Indigenous and ancestral narrative
traditions. Oral cosmologies, mythic time, ritual

storytelling, and seasonal festivals are not peripheral
cultural artefacts but sophisticated systems for
embedding ecological awareness, intergenerational
knowledge, and moral orientation. For example, the
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Maori concept of whakataukri (proverbs) carries encoded
wisdom about social conduct and environmental
stewardship, while Andean cosmovisién rituals integrate
agricultural cycles with cosmic order. These narrative
forms operate as “living knowledge systems” that hold
deep relevance for navigating uncertainty and change.
Media, in this expanded frame, becomes not only a
technological domain but a sacred function: the means
by which a society reflects, heals, and reimagines itself.
Storytelling becomes a civic practice of worldview
cultivation. This can be seen in regenerative media
platforms, participatory documentary processes, and
transmedia campaigns that involve audiences not just
as consumers, but as co-creators of meaning.

Just as public health depends on sanitation
infrastructure, so too does cultural health depend on
narrative infrastructure. Without intentional cultivation,
societies  become  vulnerable to  disinformation,
polarisation, and existential numbness. But when the
stories we tell are life-affirming, context-sensitive, and
emotionally intelligent, they can re-pattern collective
identity and behaviour in profound ways.

A Unitive Worldview thus calls for a new
generation of narrative stewards: artists, educators,
media architects, and cultural facilitators who can tend
the symbolic commons. Their work is to support a
shared transition from fragmentation to coherence—
through stories that honour the depth, dignity, and
interdependence of all life.

X. GOVERNANCE AND INSTITUTIONAL SHIFTS

A Unitive ethic calls for polycentric governance,
intergenerational responsibility, and post-GDP wellbeing
metrics (Jonas, 1984; Raworth, 2017; Stiglitz et al.,
2018). Legal frameworks such as the Wellbeing of
Future Generations Act (2015) in Wales and the growing
global movement for rights of nature legislation reflect
this evolution. Such frameworks prioritize long-term
ecological health and social cohesion over short-term
economic growth, embedding future-oriented values in
law and policy.

Central to this shift is a reimagining of political
legitimacy and decision-making authority. Polycentric
governance systems distribute power across multiple
levels—local, regional, national, and global—enabling
adaptive responses to complex, interlinked crises. This
stands in contrast to hierarchical, top-down models that
often fail to engage community wisdom or respond
nimbly to change. Drawing on Elinor Ostrom's work on
common-pool resources, governance under the Unitive
Worldview recognizes the importance of local agency,
collaborative  institutions, and trust-based social
contracts.

Institutions that aspire to embody a Unitive
Worldview must look beyond surface-level reform and
address the deeper architectures—legal, financial, and
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cognitive—that shape societal functioning. Dark Matter
Labs, a systems innovation collective, describes these
as the '"dark matter' of society: the often-invisible
frameworks of contracts, governance protocols, and
digital infrastructure that configure our collective
imagination and behaviour. Their work on civic trusts,
legal design for commoning, and regenerative finance
demonstrates how institutional DNA can be rewired to
align with principles of polycentric governance,
interdependence, and long-term care. By prototyping
emergent civic architectures, they offer a live expression
of unitive ethics translated into systems infrastructure
(Dark Matter Labs, 2022).

Economically, the transition toward wellbeing-
oriented governance necessitates integrating new
metrics, such as the Genuine Progress Indicator,
Doughnut Economics frameworks, and measures
aligned with the Inner Development Goals. These tools
support systems of accountability that reflect human
flourishing, planetary boundaries, and intergenerational
equity.

Other institutions—such as health systems,
media organizations, and philanthropic foundations—
can also be restructured to align with unitive principles.
For example, participatory budgeting and citizens’
assemblies offer democratic innovations that bring
values of relationality, dialogue, and shared
responsibility into political life. Similarly, impact investing
and regenerative finance models shift capital allocation
toward long-term cultural and ecological regeneration.
Ultimately, the institutional embodiment of a Worldview
requires more than reform; it requires a re-grounding in
principles of interconnectedness, justice, and care. By
redesigning the systems that shape our lives, we can
better align them with the values and capacities needed
to navigate the metacrisis and cultivate a flourishing
future for all beings.

XI. CHALLENGES AND FUTURE DIRECTIONS

Critics worry that a Unitive Worldview risks
epistemic relativism or spiritual idealism. Some argue
that its emphasis on subjective knowing, -cultural
pluralism, and spiritual insight could erode the empirical
rigor and universal applicability traditionally valued in
science and policy. These concerns are not without
merit, especially in contexts where misinformation,
pseudoscience, or ideological extremism thrive.
However, metatheoretical approaches show how diverse
ontologies can coexist without collapsing into
incoherence. Hedlund (2010) and Santos (2007) have
both argued that an integrative pluralism—one that
respects difference while cultivating coherence—is
essential for navigating complex global challenges.
Another critique comes from within activist and
decolonial movements, where there is concern that the
Unitive Worldview may be appropriated in ways that

erase or dilute Indigenous voices (Tuck & Yang, 2012). If
not grounded in reciprocal relationships and power-
aware practices, integrative frameworks risk reproducing
the very domination they seek to transcend. Future
research and practice must therefore attend to
questions of epistemic justice, historical trauma, and
authentic partnership.

Institutionally, resistance may also stem from
the inertia of entrenched systems. Bureaucracies,
accreditation bodies, and political mechanisms are
often ill-equipped to support the emergence of new

worldviews. Realigning these structures requires
leadership  development, capacity building, and
courageous experimentation. Organizations like the

Wellbeing Economy Alliance, the Inner Development
Goals, and the Earth Charter Initiative are modelling how
such transformations can unfold.

Empirically, much work remains to be done.
While conceptual models such as ESF and Integral
Theory are promising, robust tools are needed to assess
worldview evolution and its systemic impacts. This

includes the development of metrics, longitudinal
studies, and participatory evaluation methods.
Educational interventions, in  particular, require

assessment tools that can track shifts in cognitive
complexity, moral reasoning, and relational awareness
over time. Finally, the digital infrastructure of society
must be scrutinized. Algorithms, platform governance,
and data ownership structures shape collective
meaning-making at scale. Future research should
examine how digital systems can support integrative
dialogue, ecological awareness, and pluralistic
solidarity—rather than fragmentation, outrage, and
commodification.

For this transformation to take root, institutions
must evolve—from education to governance, from
digital platforms to financial systems. These changes
will not be easy. They require courage, creativity, and
collective commitment. But they are already beginning—
in the experiments of regenerative communities, the
visions of new legal frameworks, and the insights
emerging from transdisciplinary dialogue. A Unitive
Worldview does not offer final answers, but it offers a
generative orientation: a way of seeing and being that is
grounded in care, complexity, and the possibility of
flourishing for all life. In a world increasingly defined by
fragmentation, it may be the most essential compass we
have.

XII. CONCLUSION

The Unitive Worldview represents not merely an
intellectual synthesis or a philosophical alternative—it is
a developmental imperative for humanity at a time of
planetary transition. The interlinked crises of our era—
ecological collapse, social fragmentation, technological
disruption, and existential despair—are symptoms of a
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deeper epistemological failure: a fragmentation in how
we perceive ourselves, each other, and the living world.
As this paper has argued, addressing the metacrisis
requires more than new technologies or policies. It
requires a transformation in consciousness and culture,
rooted in a relational, participatory, and life-affirming
understanding of reality. By integrating insights from
systems theory, developmental psychology, Indigenous
wisdom,  regenerative  science, and  spiritual
cosmologies, the Unitive Worldview offers a coherent
frame for navigating complexity without collapsing into
either relativism or reductionism. It transcends outdated
binaries—subjective/objective, science/spirituality,
individual/collective—and instead cultivates coherence
across domains: inner and outer, personal and political,
human and ecological.

To fully activate this paradigm, our institutions
must also transform. Education systems must cultivate
whole human beings—not merely skilled workers but
wise, empathic, and ecologically attuned citizens. Media
must evolve from attention extraction to narrative
integration. Technology must be reimagined not as an
end in itself but as a tool in service of coherence,
humility, and stewardship. Governance must move from
hierarchical command to polycentric care, with future
generations and non-human life represented in
decision-making. The Unitive Worldview does not
negate science, reason, or critical thinking. It expands
their scope and recontextualises their purpose. It does
not idealise the past nor impose a utopian blueprint.
Rather, it offers an evolving compass—an orientation
grounded in the ancient and the emergent, the intuitive
and the empirical, the personal and the planetary. It calls
us to re-member what has been dismembered, to re-
weave the torn fabric of life.

In the face of escalating global challenges, the
need for a unitive and sustainable worldview has never
been more urgent. Such a perspective is grounded in
five core principles that foster ethical, systemic, and
regenerative engagement with the world.

1) Right Relationship: emphasizes reciprocal and ethical
interactions between humans and nature, drawing from
ecological ethics and Indigenous wisdom to promote
sustainability and planetary stewardship, including the
promotion of dignity and meaningfulness for both

human and non-human lives (Kimmerer, 2013;
Plumwood, 2002, Godfrey-Smith, 2024).
2)  Systems  Thinking: recognizes the deep

interconnectivity of all systems, highlighting the
importance of feedback loops and emergent complexity
in shaping social and ecological resilience (Meadows,
2008; Capra & Luisi, 2014).

3) Integral Epistemology: integrates empirical science,
wisdom traditions, and direct experience, enabling a
multidimensional and transdisciplinary approach to
knowledge (Wilber, 2006; Ferrer, 2002).

© 2025 Global Journals

4)  Participatory  Decision-Making:  which  fosters
decentralized, adaptive, and  community-driven
governance models that enhance collective agency and
legitimacy (Ostrom, 1990; Fung, 2004).

5)  Intergenerational  Ethics:  underscores  the
responsibility to prioritize long-term planetary well-being,
ensuring that decisions made today safeguard the
interests of future generations (Jonas, 1984; Raworth,
2017).

Together, these principles provide a robust and
actionable framework for addressing 21st-century
challenges, fostering a regenerative and inclusive future
that aligns with both human flourishing and ecological
integrity.Crucially, this transformation cannot be
imposed. It must be grown—through dialogue,
education, healing, and practice. It must arise within
communities and cultures, through trust, participation,
and story. It must include the wisdom of the many—
Indigenous elders, system scientists, spiritual leaders,
regenerative practitioners, and young visionaries. It must
be both a rising from below and a remembering from
within. In a world increasingly defined by division and
disruption, the Unitive Worldview invites us to anchor in
connection, coherence, and care. It is a vision not of
escape, but of engagement. Not of heroic salvation, but
of mutual regeneration. It is a worldview whose time has
come—not because it offers easy answers, but because
it enables us to ask deeper questions, together.

If we are to survive and flourish, not only as
individuals but as a species among species, we must
learn to think, feel, and act in ways that reflect the
interbeing of all life. The Unitive Worldview, and the
frameworks it inspires, offer us this possibility—not as
prophecy, but as practice. And perhaps, as Einstein
urged, this new way of thinking may indeed be the
condition for our collective survival.

REFERENCES REFERENCES REFERENCIAS

1. Akomolafe, B. (2020). These Wilds Beyond Our
Fences: Letters to My Daughter on Humanity,
Climate Change, and the Future. North Atlantic
Books. [Berkeley]

2. Barrett, R. (2016). Seven Levels of Consciousness
Model. Values Centre Publishing.

3. Bateson, N. (2021). Small Arcs of Larger Circles:
Framing Through Other Patterns. Triarchy Press.
[Axminster]

4. Baudrillard, J. (1994). Simulacra and Simulation.
University of Michigan Press.

5. Beck, D.E. & Cowan, C.C. (1996). Spiral Dynamics.
Blackwell.

6. Bohm, D. (1980). Wholeness and the Implicate
Order. Routledge.

7. Brynjolfsson, E., & McAfee, A. (2014). The Second
Machine Age: Work, Progress, and Prosperity in a



10.

11,

12

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.
29.

TOWARD A UNITIVE NARRATIVE AND WORLDVIEW: AN INTEGRATIVE RESPONSE TO THE GLOBAL METACRISIS

Time of Birilliant Technologies. W.W. Norton &
Company.

Cajete, G. (1994) Look to the mountain : an ecology
of Indigenous education. Kivaki Press. Durango.
Capra, F, & Luisi, P L. (2014). The Systems View of
Life: A Unifying Vision. Cambridge University Press.
Dark Matter Labs. (2022). Institutional Architecture
for a Regenerative Future. Dark Matter Labs.
London.

De Witt, A, & Hedlund, N. (2017). Toward an
Integral Ecology of Worldviews. Journal of Integral
Theory and Practice.

Eisler, R. (2019). Nurturing Our Humanity. Oxford
University Press.

Ellyatt, W. (2024). Optimising Worldviews for a
Flourishing Planet: Exploring the Principle of Right
Relationship. Challenges, 15(4), 42.

Ellyatt, W. (2025). Eco-Systemic  Flourishing.
Challenges, 16(2).
Ferrer, J. N. (2002). Revisioning Transpersonal

Theory. SUNY Press.

Ford, M. (2015). Rise of the Robots: Technology and
the Threat of a Jobless Future. Basic Books.
Fukuyama, F (2018). Identity: The Demand for
Dignity and the Politics of Resentment. Farrar, Straus
and Giroux.

Fung, A. (2004). Empowered Participation:
Reinventing Urban Democracy. Princeton University
Press.

Galileo Commission. (2025). Worldviews Study White
Paper https://www.galileo-worldviews.org/white-
paper.html accessed 21.06.25

Gawdat, M. (2021). Scary Smart. Pan Macmillan.
Gidley, J. (2013). Global Knowledge Futures. Integral
Review, 9.

Godfrey-Smith, P (2024) Living on Earth, London,
William Collins.

Goodwin, Brian, 'Morphogenetic cascades, generic
forms, and taxonomy', in Robert W Scotland, Darrell
J Siebert, and David M Williams (eds), Models in
Phylogeny  Reconstruction: ~ The  Systematics
Association Special Volume No. 52

Greene, M. (2022). Toward Wide-Awakeness: An
Argument for the Arts and Humanities in
Education. Teachers College Record, 79(1), 119 -
125. (Original work published 1977)

Gudynas, E. (2011). Buen Vivir: Today's Tormorrow.
Development, 54(4).

Hagens, N. (2022). The Great Simplification. Institute
for the Study of Energy & Our Future.

Hedlund, N. (2010). Integrative Metatheory and
Climate Change.

Hooks, b. (1994). Outlaw Culture. Routledge.

IPBES. (2019). Global Assessment Report on
Biodiversity and Ecosystem Services. IPBES
Secretariat.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

IPCC. (2022). Climate Change 2022: Impacts,
Adaptation, and Vulnerability. Cambridge University
Press.

Jacobs, D. T (Four Arrows). (2006). Primal
Awareness: A True Story of Survival, Transformation,
and Awakening with the Raramuri Shamans of
Mexico. Inner Traditions.

Jonas, H. (1984). The Imperative of Responsibility: In
Search of an Ethics for the Technological Age.
University of Chicago Press.

Kahn-dohn Diné M, Koithan M. (2015) Living in
health, harmony, and beauty: the diné (navajo) hdzhd
wellness philosophy. Glob Adv Health Med. May;
4(3):24-30. doi: 10.7453/gahmj.2015.044. PMID:
25984415; PMCID: PMC4424938.

Kauffman, L.H. (2001). Knots and Physics. World
Scientific, Singapore.

Kegan, R. (1994). In Over Our Heads. Harvard
University Press.

Kimmerer, R. W. (2013). Braiding Sweetgrass:
Indigenous Wisdom, Scientific Knowledge, and the
Teachings of Plants. Milkweed Editions.

Laszlo, E. (2004). Science and the Akashic Field: An
Integral Theory of Everything. Inner Traditions.
Lawvere, F. W, & Schanuel, S. H. (2009).
Conceptual Mathematics: A First Introduction to,
Cambridge Press

LIU, J, (2009) Hope in a Changing Climate,
Environmental Education Media Project

Luksha, P, & Taddei, F. (2023). Manifesto for the
Planetary Mission of the University. Learning Planet
Institute.

Macy, J. (2009) The Global Crisis and the Arising of
the Ecological Self, Journal of Holistic Health Care.
Volume 6 Issue 3, November pp. 5-10

Maslow, A. (1971). The Farther Reaches of Human
Nature. Viking Press.

Mastropietro, C., & Vervaeke, J. (2024).
Meaning Crisis and the Future of Knowledge.
Mate, G & Mate D (2022) The Myth of Normal, Ebury
Digital.

McGilchrist, 1. (2023).
Perspectiva Press.
Meadows, D. H. (2008). Thinking in Systems: A
Primer. Chelsea Green Publishing.

Mezirow, Jack. (1991). Transformative Dimensions of
Adult Learning. San Francisco: Jossey-Bass.

Mounk, Y. (2018). The People vs. Democracy: Why
Our Freedom Is in Danger and How to Save It.
Harvard University Press.

Narvaez, D., & Four Arrows (2022). Restoring the
Kinship Worldview. North Atlantic Books.

Nussbaum, M. (1996) Compassion The Basic Social
Emotion. Social Philosophy and Policy, 13, 27-58.
O’Connor, C., & Weatherall, J. O. (2019). The
Misinformation Age: How False Beliefs Spread. Yale
University Press.

The

The Matter with Things.

© 2025 Global Journals

Global Journal of Science Frontier Research ( H ) XXV Issue II Version I H Year 2025


https://doi.org/10.7453/gahmj.2015.044

Global Journal of Science Frontier Research ( H ) XXV Issue II Version I H Year 2025

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

TOWARD A UNITIVE NARRATIVE AND WORLDVIEW: AN INTEGRATIVE RESPONSE TO THE GLOBAL METACRISIS

Ostrom, E. (1990). Governing the Commons. The
Evolution of Institutions for Collective Action.
Cambridge University Press.

O'Sullivan, E. (1999) Transformative Learning:
Educational Vision for the 21st Century. New York: St.
Martin's Press.

Piaget, J. (1960). The child's conception of the
world. Littlefield, Adams.

Plumwood, V. (2002). Environmental Culture: The
Ecological Crisis of Reason. Routledge.

Pollock, R. (2025). Four Noble Beliefs. Second
Renaissance.

Putnam, R. D. (2000). Bowling Alone: The Collapse
and Revival of American Community. Simon &
Schuster.

Prigogine, |., & Stengers, | (1984) Order Out of
Chaos Man's New Dialogue with Nature Bantam
Books.

Ramose, M. B. (1999). African Philosophy through
Ubuntu. Mond Books.

Rayner, A. (2011). NaturesScope: Insights into the
True Nature of Reality. The Inclusional Research
Forum.

Raworth, K. (2017). Doughnut Economics: Seven
Ways to Think Like a 21st-Century Economist.
Chelsea Green Publishing.

Roberts, M., Haami, B., Benton, R., Satterfield, T,
Finucane, M., Henare, M., & Henare, M. (2004).
Whakapapa as a Maori mental construct: Some
implications for the debate over genetic modification
of organisms. The Contemporary Pacific, 16(1), 1-
28. [University of Hawai‘i Press, Honolulu

Rosen, Robert (2005). Life Itself: A Comprehensive
Inquiry Into the Nature, Origin, and Fabrication of
Life. Complexity in Ecological Systems.

Santos, B. de S. (2007). Cognitive Justice in a
Global World: Prudent Knowledges for a Decent Life.
Lexington Books.

Santos, B. de S. (2014). Epistemologies of the
South. Paradigm Publishers.

Sapir, E. (1929). The Status of Linguistics as a
Science. Language, 5(4), 207-214.

Scharmer, O. (2023). Universities as Innovation
Ecologies. Presencing Institute.

Siegel, D. J. (2010). Mindsight: The new science of
personal transformation. Bantam Books

Smith, R. (2025). A Sociology of Big Pictures.
Institute of Applied Metatheory.

Stiglitz, J. E., Fitoussi, J.-P, & Durand, M. (2018).
Beyond GDP: Measuring What Counts for Economic
and Social Performance. OECD Publishing.

Taylor, C. (2007). A Secular Age. Belknap Press of
Harvard University Press.

Thompson, D.W. (1917) On Growth and Form. The
University Press, Cambridge

Tu, W. (2004). Confucian Ethics Today. Curriculum
Development Institute.

© 2025 Global Journals

74.

75.

76.

77.

78.

79.

80.

Tuck, E., & Yang, K. W. (2012). Decolonization is not
a metaphor. Decolonization: Indigeneity, Education
& Society, 1(1), 1-40. Toronto

Varela, F. J., Thompson, E., & Rosch, E. (1991). The
embodied mind: Cognitive science and human
experience. MIT Press

Vygotsky, L. S. (1978). Mind in Society: The
Development of Higher Psychological Processes.
Cambridge, MA: Harvard University Press.

Welsh Government. (2015). Well-being of Future
Generations (Wales) Act.

Whitehead, A. N. (1929). Process and Reality.
Macmillan.

Whorf, B. L. (1956). Language, Thought, and Reality:
Selected Writings of Benjamin Lee Whorf. MIT Press.
Wilber, K. (2000). A Theory of Everything.
Shambhala.



V2 GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: H
Sampaeal  ENVIRONMENT & EARTH SCIENCE
Volume 25 Issue 2 Version 1.0 Year 2025
Type: Double Blind Peer Reviewed International Research Journal

Publisher: Global Journals
Online ISSN: 2249-4626 & Print ISSN: 0975-5896

On the Origin of Cockroaches in the Maltese Islands
By Arnold Sciberras

Introduction- The Maltese Islands, located in the central Mediterranean, have a rich biodiversity
influenced by their strategic position as a crossroads between Europe, North Africa, and the
Middle East. Among the many species that have adapted to the island environment,
cockroaches (Order: Blattodea) hold a unique position. Their presence reflects both natural
dispersal and human activities over millennia. This essay explores the origins, distribution, and
documented records of cockroach species in Malta, shedding light on their historical and
ecological significance.This work also includes two new species for the islands..

GJSFR-H Classification: LCC Code: QL505.5

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Strictly as per the compliance and regulations of:

- '} -
\}7
1

© 2025. Arnold Sciberras. This research/review article is distributed under the terms of the Attribution-NonCommercial-
NoDerivatives 4.0 International (CC BY-NC-ND 4.0). You must give appropriate credit to authors and reference this article if parts
of the article are reproduced in any manner. Applicable licensing terms are at https://creativecommons.org/licenses/by-nc-
nd/4.0/.



On the Origin of Cockroaches in the Maltese Islands

Arnold Sciberras

[. INTRODUCTION

he Maltese Islands, located in the central
TMediterranean, have a rich biodiversity influenced

by their strategic position as a crossroads between
Europe, North Africa, and the Middle East. Among the
many species that have adapted to the island
environment, cockroaches (Order: Blattodea) hold a
unique position. Their presence reflects both natural
dispersal and human activities over millennia. This essay
explores the origins, distribution, and documented
records of cockroach species in Malta, shedding light
on their historical and ecological significance.This work
also includes two new species for the islands.

[I. EARLY ORIGINS AND NATURAL DISPERSAL

Cockroaches are ancient insects, with fossil
records dating back over 300 million years to the
Carboniferous period. Their resilience and adaptability
have enabled them to thrive in diverse environments.
Over 5,500 species are known worldwide. The oldest
exposed rock layer of Malta is the Lower Coralline
Limestone Formation (Maltese: Zongor), which is of
Chattian age (~28-23 million years old) with a
maximum thickness of 162 m. Tectonic activity was the
prime assist and the islands were initially devoid of
terrestrial life. As the islands stabilized, they became
colonized by various species, including cockroaches,
either through natural dispersal mechanisms such as
rafting on vegetation or by wind-assisted transport from
nearby land masses.

[1I. HUMAN-MEDIATED INTRODUCTION

The more significant factor in the introduction of
cockroaches to Malta has been human activity. The
islands have been inhabited since the Neolithic period
(circa 5200 BCE), and with the arrival of humans came
the unintentional transport of various flora and fauna,
and cockroaches were no exception. Trading activities,
especially during the Phoenician, Roman, and later Arab
and European periods, facilitated the spread of
numerous cockroach species.

[V. THE ORIGINS OF THE MALTESE NAME

According to Caruana, the word wirdien is
derived from werden (which itself comes from radari),
suggesting that the insect earned its name from the

Author: e-mail: bioislets2@gmail.com

hoarse, continuous sound it makes — a sound likened
to the turning of a wheel in motion as it flies. Caruana
further explains that werden refers to the sound of "the
wheel that spins cotton."

Barbera supports this theory, adding that the
term refers to "the iron spindle used by wool spinners,"
and that by analogy with its movement, the Maltese
adopted the word to describe the cockroach.

Serracino Inglott, however, offers a different
perspective. He challenges the werden theory, arguing
that the linguistic evolution from werden should have
resulted in the word werdien rather than wirdien. He
instead references Dozy, who proposes that the word
might stem from flower-related terms, particularly from
"flour delicates which resemble the texture of floss silk or
flower stamens, whose perfumes are carried away by
the breeze." The petals — or Jlogom, as Cremona refers
to them — are said to resemble the cockroach’s wings.
In other words, these much-maligned insects might,
surprisingly, be etymologically linked to the beauty of
roses.

The etymology provided by Caruana and
Barbera is rooted in the sound these insects make in
flight. Yet, this raises further questions, as only one of
the three main species of large cockroach found in
Malta (P. americana) is a frequent flier. One species (B.
orientalis) cannot fly at all, having lost its wings, and the
other species rarely takes flight.

It is plausible that the term wirdien was initially
used to refer to beetles commonly found on flowers and
was later extended to other insects, such as the
cockroach, as it is used today. This linguistic shift is not
unique to Maltese. In ltalian, for example, the word
Scarafaggio  (cockroach) comes from the Latin
scarabeus, referring to a type of beetle (Family
Scarabaeidae), which, like many beetles, can often be
found on flowers.

Dessoulavy (1938) also defines wirdiena as
‘beetle’, though this may have stemmed from imprecise
scientific knowledge at the time. Regardless of its exact
origin, the word wirdien is undoubtedly ancient —
appearing as early as the dictionary of the Knight
Thezan, as noted by Cassola.

V. PossIBLE FIRST RECORDS

Although the exact origins of these introduced
species cannot be definitively traced, various hearsay
accounts provide clues about when they were first
recognized in Malta. The presence of Maltese names
with Arabic linguistic roots suggests that these species
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may have been known as early as the Arab colonization,
whether as introduced or native species. However,
concrete historical records from that period are lacking.
Additionally, numerous anecdotes associate their
presence with the era of the Knights of St. John, further
emphasizing the role of oral tradition in shaping local
knowledge. While hearsay cannot replace documented
evidence, it offers valuable insights into the historical
awareness and cultural significance of these species.
The author has compiled these accounts alongside
available historical data to provide a broader
perspective.

One piece of hearsay collected by the author
recounts that, during the time of the knights, women of
the streets faced particular issues with these critters
inhabiting the corners of their workplaces. To deal with
the nuisance, they would call upon their protectors—
what we would refer to today as pimps—to eradicate the
unwanted pests. It is said that a type of benzene was
commonly used to ward off these organisms as much
as possible.

This story has led to speculation about the
origins of the Maltese word for cockroach—wirdien or
werden. Some believe it derives from the verb werwer,
meaning "to scare," as these pests were notorious for
startling women who worked the streets at night. This
linguistic connection suggests that the name may have
originated from the fear or unease these creatures
caused. Given that language often evolves through
cultural experiences and oral traditions, it is possible
that the term became widely adopted due to such
encounters. However, without documented linguistic
records, this remains a compelling yet unverified theory.

During his pest management activities, the
author discovered remnants of cockroach parts within
historic books stored in an old book repository that date
back to the 1400. Thanks to the expertise of book
conservator Simon Sultana, additional fragments—such
as legs and thoraxes—were also identified. These
findings allowed the author to determine which
cockroach species had once inhabited the repository
(B.orientalis) and possibly became trapped within the
archival books over time. (carbon dating is being looked
at.)

In 1862, renowned naturalist Alfred Russel
Wallace made a stop in Malta while transporting two live
birds of paradise to Europe. During his stay, he
obtained a significant number of cockroaches from a
local bakehouse (Possibly P. Americana), using them as
a crucial food source to sustain the birds. This historical
account highlights the presence and abundance of
cockroaches in Malta at the time, reinforcing their long-
standing association with human settlements. Wallace's
observations provide an early documented link between
these insects and Malta's urban environments.

© 2025 Global Journals

VI. TIMELINE OF THE COCKROACH
RECORDEDSPECIES IN MALTESE [SLANDS

Several cockroach species have been recorded
in  Malta, with their presence documented by
entomologists over the past century. Drawing from the
work of Bohn and Sciberras (2021) and Sciberras &
Sciberras (2024), the following is a comprehensive list of
each recorded species (by date not by family or genus)
and their introduction or discovery in the Maltese
Islands.

The first cockroaches recorded in Malta were
documented by Professor John Borg in his 1939 work.
These included the American cockroach (Periplaneta
americana  Linnaeus, 1758), the Brown-banded
cockroach (Supella longipalpa Fabricius, 1798), and the
Egyptian cockroach (Polyphaga aegyptiaca Linnaeus,
1758). Of these, the Egyptian cockroach is considered
native to the region, thriving in dry, arid environments
typical of the Mediterranean climate. It is also native to
arid and semi-arid regions of North Africa and the
Middle East, particularly the Sahara and Arabian
deserts, where it is well-adapted to extreme
temperatures and low humidity. It is often found in rocky
areas, under stones, and in semi-natural habitats, rather
than inside human dwellings, distinguishing it from the
other two species. In contrast, the American cockroach
and the brown-banded cockroach are both non-native
species that arrived in Malta through human activity. The
American cockroach, one of the largest and most
widespread urban cockroaches. Once established, it
thrives in warm, humid environments, particularly in
sewers, basements, and industrial kitchens. P.
americana, commonly known as the American
cockroach, is a large, synanthropic cockroach species
of significant medical and economic concem. Despite
its common name, P. americana is not indigenous to the
Americas. Phylogeographic and historical evidence
indicates that its native range is in tropical West Africa.
The species is believed to have been introduced to the
New World in the early 17th century, primarily via
transatlantic shipping routes during the period of
intensified global maritime trade. From its initial
intfroduction in port cities, P. americana rapidly
expanded its range, aided by human activity and its high
adaptability to anthropogenic environments. Currently,
P. americana exhibits a cosmopolitan distribution,
especially in tropical and subtropical regions, although it
also persists in temperate climates through association
with heated human dwellings. It is commonly found in
sewer systems, basements, commercial kitchens, food
storage facilities, and other urban infrastructures where
warmth, moisture, and food are abundant. The species
has established stable populations in nearly every
continent except Antarctica. Its success as an invasive
species is attributed to its broad ecological tolerance,
high reproductive potential, and efficient dispersal
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through human-mediated transport, particularly in
globalized trade and shipping. In 2019 a white eyed
population was found in a Cemetery in Paola village. In
2020 three domestic breeds of this species were
documented to have been developed locally for
scientificresearch and for the entomological breeding
enthusiasts. In 2024 a very dark population was
discovered in the island of Gozo suggesting
crossbreeding with these domesticated possibly
escaped breeds.

The Brown-banded cockroach, a much smaller
species, has a different ecological preference. It is often
found in indoor environments, especially in homes,
hotels, and offices, where it hides in furniture, behind
wallpaper, and in warm electrical appliances. This
species likely spread to Malta through imported goods,
luggage, or second-hand furniture, as it is well adapted
to surviving in human-made environments. It said that
this species was introduced in the first world war. This
synanthropic cockroach has achieved a global
distribution in human environments. Unlike many other
peridomestic cockroaches, S. longipalpa prefers drier
and warmer areas within buildings, often occupying
higher locations such as ceilings, cabinets, electrical
appliances, and furniture. The species is believed to be
native to tropical Africa, although its precise origin is
less well-documented than that of Periplaneta
americana. lts spread to other regions has been
facilitated entirely by anthropogenic means, especially
through commerce and human migration. Today, S.
longipalpa is found on every continent except
Antarctica, with particularly established populations in
urban and indoor environments.

By 1954, additional cockroach species had
been recorded Anthony Valletta, including the Oriental
cockroach (Blatta orientalis Linnaeus, 1758) and the
native Field cockroach (Loboptera decipiens Germar,
1817).

The Oriental cockroach is a non-native species
that likely arrived in Malta through maritime trade, much
like the American cockroach before it. It thrives in cool,
damp environments, making it a common inhabitant of
sewers, drains, basements, and shaded outdoor areas.
Unlike the American cockroach, which prefers warmer
and more humid conditions, the Oriental cockroach is
more tolerant of lower temperatures and can often be
found outdoors in leaf litter, under stones, or near water
sources. Its dark, shiny appearance and sluggish
movement make it distinct from other urban cockroach
species. Although it was rare locally in the past, in the
last 15 years it made a steady increase.

The Field cockroach, on the other hand, is a
non-pest species that is well adapted to Malta’s natural
landscapes. Unlike the invasive urban cockroaches, the
latter are outdoor dwellers, commonly found in
grasslands, rocky terrain, and shrublands. They are
lighter in color and more agile, resembling small

grasshoppers in their behavior. These cockroaches play
a role in the ecosystem by feeding on decaying plant
material and being a food source for insectivorous
animals. In the Maltese islands two forms are present
and in some minor islets, it is suspected that an
undescribed species is present (Sciberras, A.
Unpublished work).

By the late 1960s, the German cockroach
(Blattella germanica Linnaeus, 1767) is believed to have
arrived in Malta, marking a shift in the local perception of
cockroach infestations. Many locals began referring to
this species simply as "Kokroc", while reserving the
Maltese term "Wirdiena" for the larger cockroach
species, such as the American cockroach (Periplaneta
americana). This suggests that by this period, the
German cockroach had become the dominant
household pest, overtaking previous species in
recognition. (Sciberras, A. Unpublished work).

Between the battle of local dominance between
B. germanica and S. longipalpa, Green Banana
cockroaches (Panchlora sp Burmeister, 1838) were
documented. These species are primarily native to
tropical and subtropical regions of Central and South
America. In Malta, occurrences of Panchlora species
have been sporadically documented, primarily linked to
imported goods. The first recorded instance dates back
to 1975, when a specimen was found, as reported by
Ebejer in 2020. Subsequently, in 2015, two specimens
were discovered in a supermarket in Paola by the
author. These findings were associated with freshly
imported bananas, suggesting that the cockroaches
were inadvertently introduced via fruit shipments.
Notably, there have been no reports of Panchlora
species on banana plants cultivated within Malta,
indicating that these cockroaches have not established
local populations and are not considered part of the
native fauna. Globally, Panchlora species are often
found in warm, humid environments and are typically
associated with vegetation. They are nocturnal and are
attracted to lights, which can lead them into human
dwellings, although they are generally not considered
pests. Their presence in non-native regions is frequently
linked to the importation of goods from their native
habitats, as evidenced by the cases in Malta. Despite
these incidental introductions, there is no substantial
evidence to suggest that Panchlora species have
established sustainable populations outside their native
range.

Interestingly, the Brown-banded cockroach
may have been more common than the German
cockroach during the early years locally, but at some
point—perhaps by the 1990s—the German cockroach
became the more widespread and recognized urban
pest. Stephen Schembri later recorded the German
cockroach in 1980, though without citing sources,
further reinforcing its established presence by this time.
Today, these two species have developed particular
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ecological boundaries within the Maltese Islands. The
German cockroach is the most widespread and is found
primarily in kitchens, restaurants, and food storage
areas, thriving in warm, humid environments. It
reproduces rapidly, with shorter breeding cycles and
large population booms, making it a notorious pest but
relatively easier to eradicate with insecticides and
baiting techniques. In misscontrast, the brown-banded
cockroach, while less common, has a unique
advantage—when it is present in an area, it tends to
completely outcompete the German cockroach. It
breeds more slowly but is more persistent, favoring
drier, warmer environments, such as cupboards,
furniture, and even bedrooms, where it can avoid direct
competition with the German cockroach. Once
established, it is much harder to remove, as it disperses
its eggs in hidden locations, making extermination
efforts more challenging.

In the same publication, Stephen Schembri
recorded the Sicilian wood cockroach (Ectobius
kraussianus Ramme 1923) from a single location, the
Buskett area. However, modern research suggests that
the species he documented may have actually been the
Maltese cockroach (Ectobius melitensis Bohn &
Sciberras, 2021), a species now recognized as endemic
to Malta. Unfortunately, due to the unavailability of
Schembri’s original specimens, there is no definitive
evidence to confirm whether his identification was
correct or whether he had mistakenly classified the
Maltese as the Sicilian wood cockroach. Given the
geographical distribution of E. kraussianus—which is
not typically associated with the Maltese Islands—this
misidentification seems plausible.

The Southern Madagascar hissing cockroach
(Gromphadorhina sp. Brunner von Wattenwyl, 1865)
was first recorded in Malta in 1999, initially found in
homes and garages of individuals who had previously
kept them as pets. These large, flightless cockroaches,
originally from Madagascar, are popular in the pet trade
due to their size, docile nature, and ability to produce a
distinctive hissing sound. At first, these cockroaches
were only found in human dwellings, suggesting
accidental escapes or deliberate releases. However,
since 2016, there have been indications that they may
be able to move between houses and even survive in
the wild, raising concerns about their potential to
establish a population in Malta’s environment. The
authors of the 2021 study documenting their presence
did not attempt to determine the exact species within the
Gromphadorhina genus. This is due to the extreme
variability in size, coloration, and markings seen in
captive-bred populations, a challenge previously
highlighted by Van Herrewege (1973) in his revision of
the Gromphadorhini tribe. Because of this variability,
determining the species of these introduced individuals
is difficult without detailed genetic or morphological
analysis. Although hissing cockroaches are not
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considered pests, their ability to survive outside captivity
in Malta raises interesting questions about their long-
term adaptability and potential ecological impact,
especially if they become part of the local ecosystem.

A single male and female specimen of Amber
wood cockroach (Ectobius vittiventris Costa,1847) were
collected in 2001 from a small area with garrigue-like
vegetation near a heavily frequented industrial port in an
area known as Kordin were collected by the author.
Despite repeated searches in and around the locality,
no further specimens were found. This suggests that the
species was likely introduced through human activity but
is not established in Malta. This species is native to
southern Europe, particularly prevalent in Mediterranean
regions such as southern Spain, France, ltaly, and the
Balkans. Its range extends into western Asia, including
countries  like Turkey, Georgia, Azerbaijan, and
southwestern Russia. In recent decades it has notably
expanded its distribution northward. Since around 1999,
it has been observed in northern Switzerland, with
subsequent records in Germany (first noted in 2002),
Austria, Slovakia, Hungary, the Czech Republic, and
Great Britain. This expansion is attributed to factors such
as climate change and human-mediated dispersal.
Ecologically, this species inhabits outdoor
environments, favoring low bushes, gardens, and areas
with abundant leaf litter. It primarily feeds on
decomposing plant material and is considered harmless
to humans, as it does not infest homes or act as a
storage pest. Occasionally, adults may enter human
dwellings, especially when attracted to artificial lights,
but they typically perish within a few days due to
unsuitable indoor conditions. The species is capable of
flight, which facilitates its dispersal and occasional entry
into homes.

Jeffrey's Fungus Rock cockroach
(Heterogamisca jeffreyana Bohn & Sciberras 2021) is a
species endemic to Malta, discovered by author in 2006
and named in honor of his botanist brother, Jeffrey
Sciberras. This species was first identified on Fungus
Rock (Gebla tal-General) in Dwejra, where it was found
inhabiting the nests of aquatic marine birds. It is
believed to feed on bird feces, contributing to nest
hygiene. The Heterogamisca genus is primarily found in
Africa, but little else is known about this specific species
due to its elusive nature. Most likely, the species has a
wingless female as is true for the other members of this
genus. Till now no females were found and is yet to be
described.

The Australian cockroach (Fortiblatta
australasiae Fabricius, 1775) was first recorded in Malta
in 2012, with initial specimens collected from Wied
Dalam (Birzebbuga) and later that same year from the
village of Ghaxag. In 2015 and 2016, remains of two
female specimens were found in Marsaxlokk and
Marsaskala, respectively. In 2024 and 2025, several
small populations were detected across southern parts
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of the island, yielding a total of 103 specimens. This
species is a widespread peridomestic species native to
tropical Asia and possibly Australia, but now found
globally in warm climates, especially in greenhouses,
ports, and urban environments. lts spread is largely
attributed to human activity and global trade.

Dubia roach (Blaptica dubia Serville, 1838) is a
species native to South America, particularly found in
Brazil, Argentina, and Uruguay. The first recorded
presence of B. dubia in Malta dates back to 2012.
Specimens were discovered in various locations
associated with the pet trade from the author’'s company
technicians where they were bred in colonies within
houses, garages, and gardens. However, their ability to
overwinter appears limited to indoor environments. In
their native habitat, B. dubia thrives in warm, humid
environments. Optimal conditions for their growth and
reproduction include temperatures between 25-30°C
and relative humidity above 60%. This species exhibits
sexual dimorphism; adult males possess fully
developed wings but are not strong fliers, while females
have only rudimentary wing stubs. They are generally
slow-moving and unable to climb smooth surfaces,
making them less invasive compared to other
cockroach species. These traits, along with their high
protein content and ease of breeding, have made them
popular as feeder insects in the pet trade. In Malta, their
presence is primarily associated with human habitation,
and there is no significant evidence to suggest they
pose a threat to indigenous species or natural
ecosystems.

The Turkestan cockroach(Periplaneta lateralis
Walker, 1868) was first recorded in the Maltese Islands
in 2013, mainly associated with the pet trade. However,
stable populations have since been found in caves and
cave-like structures outside human settlements. This
suggests that the species has established itself beyond
captive environments. This species is native to Central
Asia, particularly Turkmenistan, Uzbekistan, and
Afghanistan. Due to the pet trade (as feeder insects for
reptiles and arachnids) and accidental transport, it has
spread toMiddle East (Widespread in Iran, Saudi Arabia,
and lsrael). In Europe there are Introduced populations
in Spain, France, Italy, and Germany. In North America it
is well established in the southern U. S., particularly
Arizona, Texas, California, and New Mexico. In Asia
there are reports from India and China. Also known from
some parts of Australia and South America, likely
introduced through trade. It prefers warm, arid
conditions and is often found in urban areas, around
buildings, and in dry natural habitats like caves and
rocky shelters.

The Smoky brown Cockroach (Fortiblatta
fuliginosa Serville, 1839) was first recorded in the
Maltese Islands in 2014. Since then, at least one or two
specimens have been documented annually,
occasionally in association with the American

Cockroach, indicating a potential for cohabitation in
urban environments. Native to Southeast Asia, P.
fuliginosa has spread to various parts of the world
through human activity. It is now established in the
southern United States (especially the southeastern
states), parts of Central and South America, the
Caribbean, Africa, Australia, and parts of East Asia. It
thrives in warm, humid environments and is commonly
found in outdoor settings such as gardens, woodpiles,
and attics, but may also enter buildings.

The Lobster Cockroach (Nauphoeta cinerea
Olivier, 1789) was first recorded in the Maltese Islands in
2014, with the initial specimen discovered in a garage in
Zabbar. The species is believed to have become
established following accidental release from the pet
trade, where it is frequently used as a feeder insect for
reptiles and amphibians. By 2016, it had spread across
much of the southern region of Malta, suggesting
successful  establishment and local proliferation,
particularly in urban and semi-urban environments with
suitable shelter and warmth. This species is native to
tropical Africa but has achieved a nearly cosmopolitan
distribution through human activity. It is widely kept and
traded as a feeder species and has been introduced to
indoor environments in Europe, North and South
America, Asia, and Australia. In temperate regions, it
rarely survives outdoors but can persist in heated
buildings such as pet shops, zoos, and greenhouses.

The Unadorned Cockroach (Symploce pallens
Stephens, 1835) was first documented in Malta in 2016.
Initial findings were made indoors in Gudja and Ghaxagq,
and later in Paola, where individuals were observed
attracted to artificial light sources at night. Between 2016
and 2023, the species was repeatedly encountered
during pest control activities, with over 100 specimens
recorded. However, no individuals have been found
since 2023, suggesting a possible population decline or
local disappearance.Native to Southeast Asia, S. pallens
has been introduced to various parts of the world,
particularly in subtropical and tropical regions. It is
commonly associated with human habitations and tends
to inhabit warm, sheltered indoor environments.
Established populations have been recorded in parts of
southern Europe, the Middle East, and the Americas,
typically in greenhouses, warehouses, and residential
buildings.

The Pallid cockroach (Phoetalia pallida Brunner
von Wattenwyl, 1865), was first recorded in Malta in
2017, with the initial specimen discovered at Naxxar
vilage The species is presumed to have been
introduced via imported ornamental plants or gardening
materials. Following its introduction, P. pallida rapidly
established a local population, becoming common in
the residential area of Ta’ San Pawl tat-Targa, where it
has been observed inhabiting plant pots and garden
soil. To date, the species has been recorded in 63
households within Naxxar, although no sightings have
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yet been reported outside the village. P. pallida is native
to Central and South America but has become a
pantropical species through human-mediated dispersal.
It is now found in various parts of Africa, southern Asia,
Australia, and several Mediterranean countries, typically
associated with greenhouses, nurseries, and urban
gardens.

The  Surinam  cockroach,  (Pycnoscelus
surinamensis Linnaeus, 1758), was first recorded in
Malta in 2017. It was presumably introduced through the
importation of potted plants or gardening materials. The
species was initially discovered in Birkirkara, particularly
in the Ta’ Paris area, where it quickly established itself in
garden soils and plant pots. Since then, it has been
recorded in at least 100 households in that locality.
Additional occurrences have been documented in
Burmarrad and in a plant nursery in Qormi, suggesting a
slow but steady spread across horticultural
environments. The Surinam cockroach is native to
Southeast Asia but has become pantropical through
human-assisted dispersal. Today, it is widely distributed
in tropical and subtropical regions across Africa, the
Americas, southern Europe, Asia, and Australia. It is
commonly associated with greenhouses, nurseries, and
gardens. Notably, the species reproduces through
parthenogenesis, meaning all individuals are female and
capable of producing offspring without mating—an
adaptation that enhances its ability to colonize new
areas rapidly.

The Indian borrowing cockroach (Pycnoscelus
indicus Fabricius, 1775), was first recorded in Malta in
2017. However, debate regarding whether the
specimens were actually P. surinamensis persisted until
2022. The species was presumably introduced through
the importation of potted plants or gardening materials.
It was initially discovered in Naxxar and, to date, remains
confined to this locality. The Indian Burrowing
Cockroach and the Surinam Cockroach are two closely
related species that are often confused due to their
similar morphology. However, they can be distinguished
by several key traits. P. indicus typically has a broader
and more robust body, with slightly darker coloration,
and males possess fully developed wings that extend
beyond the abdomen, unlike the often brachypterous
(short-winged) males of P. surinamensis. Additionally, P.
indicus tends to show more pronounced lateral
expansions on the pronotum and differences in genitalia
structure, which are important in taxonomic
identification. In terms of distribution, P. surinamensis,
also known as the greenhouse cockroach, has a nearly
cosmopolitan range and is commonly found in tropical
and subtropical regions worldwide, often in
greenhouses, plant nurseries, and compost piles. It
reproduces parthenogenetically, which aids in its rapid
spread. P. indicus, by contrast, is native to South and
Southeast Asia and has a more limited global
distribution, although it has been reported in several
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introduced locations, often associated with the
horticultural trade. Its spread is typically slower and
more localized compared to the highly invasive P.
surinamensis.

Two specimens of the Giant lobster roach
(Henschoutedenia flexivitta Walker, 1868) were found
first in 2018 in Qormi village in a plant nursery and a
female was found in 2024 in the same location. The
occurrence is almost certainly the result of accidental
introduction via imported ornamental plants or
associated horticultural materials. There is no current
evidence suggesting that this species has established a
breeding population in Malta. This species is native to
sub-Saharan Africa and parts of Southeast Asia. It has
been recorded in countries such as the Democratic
Republic of Congo, Nigeria, and India, typically
associated with tropical environments. As with several
other exotic cockroach species, its spread beyond its
native range is likely facilitated by international plant
trade and shipping activities.

The Maltese cockroach (Ectobius melitensis
Bohn & Sciberras 2021) is a cockroach species
endemic to the Maltese Islands. Collected first in 2010,
formally described in 2021 by entomologists Horst Bohn
and Arnold Sciberras. This species was found in tufts of
grass, preferably in those of Hyparrhenia hirta (L.) Stapf.
At places where the species occurred most larger tufts
were inhabited, each usually by a number of specimens.
Occasionally, tufts of other grass species, as for
example, Lygeum spartum L., were also colonized,
however, in much less density. The distribution of E.
melitensis in Malta is restricted to a relatively narrow
band extending along the southern coast of Malta,
between Ras ir-Raheb (at the western end of the Victoria
Lines) as far as to the Delimara peninsula. There is only
one locality at some distance from the coast known as
Chadwick Lakes. The absence of the species further
inland may be due to the rarity of the favorite grass in
this region. Themissing of the species in other regions of
the island, north of the Victoria Lines, presumably has
other reasons since there are extended areas with H.
hirta. This species belongs to the kraussianus-species
group within the Ectobius genus. This group is known
from Sicily and surrounding islands such as Ustica, the
Aeolian Islands, and Ponza, with one species also
reaching Albania. The discovery of E. melitensis
expanded the known cockroach fauna of the Maltese
Archipelago,  highlighting  the  region's  unique
biodiversity. The holotype specimen of E. melitensis was
collected at Ghar Lapsi, located southwest of Siggiewi in
Malta.

The Asian cockroach (Blattella asahinai
Mizukubo, 1981) was first recorded in Malta in 2024
during a hotel pest management intervention targeting
German cockroaches (Blattella germanica). These two
species are morphologically very similar, making them
difficult to distinguish through appearance alone.
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However, B. asahinai was identified based on its distinct
behavior and habitat preferences. Unlike the German
cockroach, which is primarily an indoor species, B.
asahinai exhibits a strong tendency to be found
outdoors, a key characteristic that facilitated its
detection. This species is native to Southeast Asia but
has successfully expanded its range to various other
regions, including parts of the southern United States,
where it has become an established pest. The species
thrives in warm, humid environments and is particularly
well adapted to outdoor habitats, unlike its close relative,
the German cockroach. Its ability to disperse efficiently
and its preference for light sources make it a challenge
for pest control efforts in newly invaded regions. This
species was recently documented as part of an ongoing
study on the cockroach fauna of Malta. The study also
includes the Maltese nomenclature for all cockroach
species, contributing to a better understanding of the
islanders Interaction with this group of insects. This
species was recorded the first in the Maltese islands in
this current work.

In March 2025, a male Tawny cockroach
(Ectobius pallidus Qlivier, 1789) was documented for the
first time in Malta, specifically in a locality known as
Pembroke. This coastal area, characterized by garigue
and open shrubland, provides suitable habitats for this
species. Given the prevailing meteorological conditions
at the time, it is plausible that the specimen arrived from
Libya (although species is not recorded there but high
probability that it exists there). On March 21st, Malta
experienced a Scirocco wind event with winds
originating from the southeast in the morning and
shifting to a southerly direction in the afternoon. Wind
speeds were recorded at force 5-6, with stronger gusts,
making long-distance passive transport of lightweight
insects such as this species feasible. The species’
ability to fly, combined with its small size, increases the
likelihood that it was carried over the Mediterranean
from North Africa. The discovery in Pembroke marks the
first confirmed record of this species in Malta. Further
monitoring will be necessary to determine whether E.
pallidus has established a population on the island or if
this individual represents a one-time introduction via
windborne dispersal. This species native to Europe,
North Africa, and parts of western Asia. Its range
extends from the Mediterranean region into Central and
Northern Europe, where it has been expanding due to
climate change and human activity. Unlike some other
cockroach species, E. pallidus is primarily an outdoor
insect, preferring grasslands, woodlands, and shrubby
areas rather than human dwellings. In Europe, it has
been widely documented in countries such as: France,
Germany, United Kingdom (where it was introduced and
spread rapidly) Spain, Italy, Greece and the Balkans. In
North Africa, E. pallidus has been recorded in: Morocco,
Algeria, Tunisia, Libya. Additionally, it has been
observed in Turkey and parts of the Middle East,

suggesting an adaptive range that extends beyond its
core Mediterranean distribution. This species was
recorded the first in the Maltese islands in this current
work.

VII. EcoroGicAL AND CULTURAL IMPACT

Cockroaches have long been associated with
human habitation, often considered pests due to their
ability to spread pathogens and their resilience to
control measures. However, some species play
beneficial roles in the ecosystem, breaking down
organic matter and contributing to nutrient cycling. In
Malta, cockroach infestations are a common concern in
urban and suburban areas, particularly during the warm
summer months. Public health authorities have
implemented control measures, including sanitation
campaigns and pesticide applications, to manage
populations.

VIII. CONCLUSION

The cockroach species present in the Maltese
Islands reflect a complex history of natural dispersal and
human-mediated introductions. From ancient trade
routes to modern globalization, these resilient insects
have adapted to Malta’s unique environment. Continued
monitoring and documentation of cockroach species
are essential to understanding their ecological roles and
managing potential public health risks. Further research
may uncover additional species or provide deeper
insights into the historical pathways that brought these
insects to the islands.
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Navigating Water Scarcity and Ecological Change: A
Synthesis of Modern Hydrologic and Rangeland
Management in the American Southwest

Dr. Cameron Dorsett

I. INTRODUCTION: THE CRITICAL NEXUS OF
WATER AND RANGELANDS IN ARID
ENVIRONMENTS

he arid and semi-arid rangelands of the American
TSouthwest are defined by inherent water scarcity,

characterized by irregular rainfall patterns and the
intermittent presence of water. This makes water a
critical limiting resource for all biological activity within
these ecosystems. The unique hydrological regime
profoundly influences the structure and function of these
environments, impacting everything from the distribution
and composition of vegetation to wildlife habitat and
overall ecosystem health.

These landscapes face a complex interplay of
challenges, including significant hydrologic alterations,
ecological degradation, and evolving socio-economic
dynamics. Specific problems observed include the
proliferation of gully and arroyo formation, extensive
woody plant encroachment, and the decline of native
floodplain grasslands. Historical human activities, such
as past grazing practices and the construction of water
control structures, have significantly contributed to these
alterations, often leading to unintended consequences
like disconnected floodplains and increased erosion.

The documents collectively demonstrate that
while aridity is a natural condition, human activities have
substantially amplified and redirected the impacts of
water scarcity, leading to more severe and widespread
ecological degradation, such as arroyo formation and
floodplain  disconnection. For instance, hydrologic
connectivity issues have become prevalent on the
Buenos Aires National Wildlife Refuge (BANWR) due to
the advancement of altered drainage pathways through
channel incision and arroyo formation. Many of these
incised channels likely developed as a result of failed
water retention and diversion structures installed by the
U.S. Soil Conservation Service (SCS) in the early 1900s.
This direct causal linkage, repeatedly emphasized
across the available information, highlights that human
interventions, even those initially intended for
conservation or resource management, have become
significant drivers of the very problems they sought to

Author: e-mail: dorsett.cameron@outlook.com

address or mitigate. This implies that effective solutions
must target both natural processes and the legacy of
human impact.

The framing of the problem as a critical nexus of
interconnected challenges implicitly advocates for an
interdisciplinary approach to solutions, moving beyond
siloed management within hydrology, ecology, or socio-
economics. Rangeland ecohydrology, an emerging field,
specifically deals with the intricate relationship between
rangeland ecosystems and the hydrologic processes
that affect them. An integrated framework for science-
based arid land management positions hydrologic
function as foundational to biotic integrity and the
provision of ecosystem services. The problems detailed,
such as failed infrastructure leading to ecological
decline, the complex impacts of mesquite
encroachment, and the social aspects of water rights,
are inherently multifaceted. Therefore, effective solutions
cannot arise from a single discipline but necessitate a
synthesis  of  hydrological  science, ecological
understanding, and socioeconomic realities.

This review aims to synthesize findings from
recent research to explore the multifaceted issues at the
intersection of rangeland ecosystems, hydrologic
processes, and human management in the American
Southwest. It integrates insights from detailed
hydrologic engineering analyses of failed infrastructure,
modern ecohydrological methodologies for assessment
and modeling, and the evolving socio-economic and
policy dimensions of water resource management. The
goal is to provide a comprehensive, expert-level
understanding for researchers, land managers, and
policymakers seeking to foster resilience and
sustainability in these vital, water-limited landscapes.

II. HyproLoGiC DYNAMICS AND
INFRASTRUCTURE CHALLENGES

a) Water Control Structures and Their Vulnerability
Historically, various water control structures,
including concrete drop spillways, earthen spreader
berms, and dirt stock tanks, were constructed on
rangelands, often with limited hydraulic design
considerations. These structures aimed to manage
floodwaters for purposes such as increased forage
production or livestock watering. However, many have
failed over the past 60-70 years due to inadequate
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design and/or a lack of maintenance, leading to
detrimental outcomes such as increased arroyo
downcutting and disconnectedness of floodplain
grasslands.

b) Case Study: Banwr Spillway Failure

A detailed hydrologic engineering analysis was
conducted on a failed concrete drop spillway (broad-
crested weir) at the outlet of the Buenos Aires National
Wildlife Refuge (BANWR) watershed southwest of
Tucson, AZ. The primary objective of this analysis was to
determine the maximum flow the structure could pass
without failure (discharge capacity) and to identify the
rainfall recurrence interval and duration that would result
in a flood magnitude exceeding the spillway's capacity,
thus likely leading to its failure.

The methodology involved utilizing high-
resolution remotely-sensed LIDAR data (from 2015)
obtained from the Pima County Flood Control District
and the Pima Association of Governments. This data
was processed in ArcMap 10.5.1 to create a 1-meter
digital elevation model (DEM). This DEM was then used
to delineate the watershed, identifying the concrete
spillway as the outlet or "pour point." The resulting 1501-
hectare watershed was further divided into three sub-
watersheds: A (94.2 ha), B (122 ha), and C (1285 ha).
Field measurements of the spillway's crest length

(L=13.4m) and the maximum hydraulic head
(H=0.95m), representing the depth of the weir "notch,"
were taken using a self-leveling level. These

measurements were applied to the broad-crested weir
formula (q=CLH3/2) with a weir coefficient (C) of 1.70,
yielding a maximum spillway carrying capacity of 21.1
ma/s.

Peak runoff rates from the watershed were
estimated using two distinct methods: the Rational
Method and the US-Soil Conservation Service (now
NRCS) Curve Number (CN) Method, implemented via
the Wildcats software. The Rational Method
(gp=360ciA) required inputs of rainfall intensity and
storm duration, with runoff coefficients estimated based
on soil type, basin slope, and area composition. Time of
concentration (tc) for each sub-watershed was
calculated using the Kirpich formula. The Curve Number
Method, the basis for runoff volume estimation and
hydrograph generation (Q=P+0.85(P—0.25)2), utilized
precipitation depth and a soil water retention parameter
(S) derived from the Curve Number. Wildcats also
allowed for routing design storms through a small
upstream reservoir with an average surface area of
0.427 ha.

The findings on spillway capacity exceedance
were significant. Based on the Rational Method, the
spillway capacity was found to be adequate for runoff
volumes generated within either Subwatershed A (94.2
ha) or Sub-watershed B (122 ha) individually, with peak
runoff rates well below 21.1 m3/s. However, runoff from
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Sub-watershed C (1285 ha) consistently exceeded
capacity. A 10-year return period rainfall event with a
duration of 177 minutes (2.95 hours) yielded a peak
discharge of 22.8 md3/s, surpassing the 21.1 md/s
capacity. A 25-year return period rainfall of the same
duration resulted in an even higher 27.4 m3/s peak
discharge. When considering the entire 1501-ha study
site watershed, a 10-year return period rainfall of 177
minutes generated a peak discharge of 26.4 m3/s, also
exceeding capacity.

The Curve Number Method (Wildcat5) results,
which allow for the generation of runoff hydrographs and
routing through the upstream reservoir, further confirmed
the vulnerability of the spillway. For Sub-watershed C, a
10-year return period rainfall of 24-hour duration, after
reservoir routing, yielded a peak runoff flowrate of 35.4
m3/s. For the entire 1501-ha watershed, a 10-year return
period rainfall of 24-hour duration generated a peak
flood of 42.0 m3/s, which, even after routing through the
reservoir, remained significantly above capacity at 41.6
m3/s.

The comparison between the Rational Method
and the Curve Number (Wildcats) Method results
highlights that longer-duration, larger-spatial-extent
storms, even at lower recurrence intervals, pose a
greater threat to infrastructure than shorter, more intense
storms over smaller areas. The Rational Method,
focusing on peak intensity at the time of concentration,
might significantly underestimate the total volume and
sustained flow that a structure needs to withstand. For
Subwatershed C, the 10-year Rational Method peak was
22.8 m3/s based on a 177-minute duration, whereas the
10-year, 24-hour Wildcats peak after routing was 35.4
m3/s. This substantial difference (over 50% higher) for
the same recurrence interval indicates that the longer
duration and the ability to model the full hydrograph,
rather than just the peak, capture a more complete
picture of the flood event's impact. This implies that
design considerations solely based on peak intensity
from localized, short-duration storms might be
insufficient for larger watersheds or regions experiencing
more prolonged rainfall events, leading to a systemic
underestimation of flood risk.

The consistent failure of the spillway under
conditions involving Sub-watershed C or the entire
watershed, despite being adequate for smaller sub-
watersheds, points to a fundamental design flaw related
to the scale of the contributing drainage area. This
suggests that the original design likely did not
adequately account for large-scale, spatially extensive
rainfall events, or that the watershed characteristics
(e.g., runoff coefficients, land cover) have changed over
time, altering runoff generation. The inadequacy for
larger contributing areas implies that the "pour point'
design was either undersized for the actual area it was
meant to manage, or that the assumptions about runoff
generation for the larger areas were incorrect or became
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outdated. This has broader implications for
infrastructure  planning in  dynamic  rangeland
environments, where land use changes, vegetation

shifts, or climate variability can significantly alter runoff
characteristics over decades, rendering older designs
obsolete.

Table 1: Summary of BANWR Spillway Discharge Capacity and Peak Runoff Rates

Calculated Time Rational Method Wildcatb Peak
Watershed Area (ha) of Concentration Peak Runoff Runoff (m3/s)
(min/hr) (ms/s) (Routed)
Spillway ) ;
Capacity 21.1 21.1
Sub-watershed A 94.2 65.1 min (1.09 hr) IR §:22 5 o3 NE[EEEEIL e
3.85 (below capacity)
Sub-watershed B 122 46.5 min (0.7 hr) 0P @115 i et pleesiiEs)
7.29 (below capacity)
g . 10-yr: 22.8; 25yr: 10-yr (24-hr):
Sub-watershed C 1285 176.9 min (2.95 hr) 574 354
Entire 1501-ha . 10-yr: 26.4; 25yr: 10-yr (24-hr):
Watershed 1601 PBSIIND ((2459 () 31.6 41.6

Note: Values in bold indicate peak runoff rates exceeding the spillway's capacity of 21.1 m3/s.

Wildcat5 results for A and B were not presented in the source as they did not exceed capacity

c) Gully and Arroyo Formation

The failure of water control structures directly
contributes to increased arroyo downcutting and the
disconnectedness of grasslands from their floodplains.
This process of gully formation, also attributed to
overgrazing, high-intensity flooding, and failed man-
made structures, has profound and detrimental effects
on both ground-water and surface-water interactions, as
well as riparian vegetation. Historical analyses, such as
those for the San Pedro River, reveal a temporal link
between arroyo formation, landscape changes, and
declining groundwater levels, directly impacting
vegetation dynamics like sacaton and mesquite.

The temporal progression of arroyo formation
and its consequences illustrates a critical negative
feedback loop: arroyo cutting lowers the groundwater
table, which in turn disconnects riparian vegetation,
such as sacaton, from its vital water source. This leads
to the decline of these grasses and potentially further
exacerbates erosion, creating a self-reinforcing cycle of
degradation. Historical depictions show that initial
conditions (pre-1880) featured a high groundwater table
supporting sacaton grassland. Subsequent stages,
including initial downcutting (1880-1920) and widening
(1920-1940), illustrate the groundwater table dropping,
leading to the replacement of sacaton grassland by

barren land or mesquite. This demonstrates a direct
causal chain: physical alteration (arroyo cutting) leads to
hydrological change (groundwater decline), which then
causes ecological change (vegetation shift), which in
turn can further promote erosion by reducing ground
cover. This understanding is crucial for comprehending
the persistence and severity of rangeland degradation.

The Universal Soil Loss Equation (USLE:
A=RKLSCP) is a widely used tool to quantify gully
formation and sediment erosion, providing a framework
for understanding the factors contributing to soil loss.
This equation helps in assessing estimated soil loss
based on rainfall erosivity, soil erodibility, slope-length
gradient, cover and management, and erosion control
practices.

The decline of sacaton grasslands and the
proliferation of arroyos are not isolated issues but are
deeply intertwined through the concept of hydrologic
connectivity. The incised channels disconnect the
sacaton floodplain from available runoff, preventing the
ideal inundation that these grasses require. This implies
that restoring sacaton and other riparian vegetation
requires not just planting, but fundamentally re-
establishing the hydrologic pathways and surface
ground water interactions that support them. The
problem is not merely a lack of water overall, but a
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misdistribution of water due to altered flow paths.
Therefore, effective management must focus on
restoring this natural hydrologic connectivity, possibly
through methods like earthen dikes and water
spreaders, to ensure water reaches the areas where it is
most ecologically beneficial for floodplain health.

I11. EcoroGicaL REsPONSES TO HYDROLOGIC
ALTERATIONS

a) \Vegetation Shifts and Hydrologic Connectivity

The American Southwest has experienced
significant vegetation change, including a notable
decline in native grasses like Big sacaton (Sporobolus
wrightii) and Alkali sacaton (Sporobolus airoides), which
historically dominated riparian floodplains. This decline
is intimately linked to issues of hydrologic connectivity,
where channel incision and arroyo formation disconnect
floodplains from available runoff, thereby preventing the
crucial inundation necessary for sacaton health. Other
contributing factors to this decline include past grazing
methods, agricultural crop conversion, channelization
for irrigation, and residential development.

The decline of sacaton grasslands, which
historically "trapped sediment, spread water like a dam,
and leveled valley bottoms," represents not just a
change in species composition but a significant loss of
natural hydrologic regulation. When these grasses
decline, the landscape loses a natural mechanism for
sediment retention and water spreading. This directly
impacts the ability of floodplains to retain water and
prevent channelization, thus contributing to the very
arroyo formation and disconnectedness that initially
harmed the sacaton. This indicates that the vegetation
itself acts as an '"ecosystem engineer' that actively
shapes hydrology, and its loss has cascading negative
effects on water management.

Modern methods for assessing the ecological
state of riparian sacaton stands and grasslands include
the use of State-and-Transition Models (STMs), remote
sensing, field verification, and consultation of expert
opinion. STMs, for example, serve to classify vegetation
by type, state, and canopy cover, aiding in the
understanding of complex ecological dynamics.

The acknowledgment of ongoing debate
regarding the leading cause of these phenomena (i.e.,
humans, climatic factors), alongside evidence of failed
SCS structures, and overgrazing, suggests that current
rangeland degradation is a complex outcome of both
climatic variability and longterm anthropogenic impacts.
While climate provides the backdrop, human land use
and infrastructure decisions have profoundly altered the
system's response to natural climatic events, making the
problem a socio-ecological one that requires multi-
factor management strategies rather than simplistic
solutions.
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b) Woody Plant Encroachment

Over the last century, woody plant
encroachment,  particularly by  mesquite, has
significantly increased in grassland savannas. This
phenomenon has complex and often controversial
effects on the ecosystem water budget.

Studies on the Santa Rita Experimental Range
(SRER)  utilized a water balance equation
(dS/dt=P—Q—AET—-L) to quantify annual water
balance, where dS/dt is the change in soil moisture, P is
precipitation, Q is runoff, AET is actual
evapotranspiration, and L is percolation. Experimental
treatments involving mesquite removal showed that
while removal can decrease watershed runoff,
differences in soil properties among study sites had a
greater effect on surface hydrology. This finding is a
critical nuance, as it implies that broad-scale shrub
removal might not always yield the desired hydrologic
benefits if underlying soil degradation or inherent soil
characteristics are not addressed. This challenges a
simplistic "remove shrubs to get more water" narrative
and emphasizes the need for site-specific assessments,
as the physical characteristics of the soil might be more
influential in determining water movement than the
presence or absence of a particular vegetation type.

While often perceived as detrimental, some
studies suggest shrub encroachment may not always be
negative. Research in semi-arid rangelands has shown
that shrub removal does not always significantly improve
the water budget. In some cases, shrub encroachment
can even reverse desertification by creating "islands of
fertility" with enhanced water budgets. This concept
infroduces a potential positive feedback loop where
shrubs, despite consuming water, might locally improve
soil conditions and water retention, thereby facilitating
other plant growth. This suggests that the ecological
role of woody plants in arid systems is more complex
than simply being "water consumers" and might involve
ecosystem engineering functions that enhance overall
site productivity and resilience in certain contexts. This
shifts the perspective from simple eradication to
understanding the context-dependent functional role of
these plants, suggesting a need for more nuanced
management strategies that consider their potential
benefits.

c) Wildlife Water Developments

Since the mid-20th century, thousands of
artificial water sources, such as guzzlers, stock tanks,
and modified natural tanks, have been constructed
across the American West. These developments have,
in many cases, successfully expanded the distribution
and abundance of various wildlife species, including
both game (e.g., deer, elk, quail) and non-game animals
(e.g., bats, amphibians).

However, the practice of developing artificial
water sources is not without its critics and is considered
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a "double-edged sword". Concerns have been raised
about potential negative impacts, including increased
predation (with sites potentially functioning as "predation
sinks"), heightened competition between native and
non-native species, the accelerated spread of disease,
and direct mortality from animals becoming trapped in
water structures. The "predation sinks" hypothesis
suggests that an intervention designed to benefit wildlife
(by providing water) can inadvertently create an
ecological trap, where the concentration of animals at
these sites makes them more vulnerable to predators.
This highlights the complex and often unpredictable
consequences of single-species or single-factor
management interventions in interconnected
ecosystems.

While much of the evidence for these negative
impacts remains anecdotal, it highlights the critical need
for more rigorous planning, monitoring, and research to
ensure that wildlife water developments achieve their
intended benefits without causing unintended harm. The
prevalence of anecdotal evidence for negative impacts
suggests a significant gap in rigorous scientific
evaluation of these widespread interventions. This calls
for more systematic, long-term monitoring and research
to move beyond assumptions and inform truly evidence-
based conservation practices, ensuring that
management decisions are grounded in comprehensive
understanding rather than limited observations.

IV. MODERN METHODOLOGIES FOR
RANGELAND ECOHYDROLOGY AND
MANAGEMENT

a) Integrated Data Collection and Analysis

Modern  ecohydrology heavily relies on
advanced technologies for data collection and analysis,
enabling researchers to bridge the gap of large spatiality
and investigate water budget changes over extended
periods.

High-resolution remotely-sensed LIDAR data
(flyover in 2015) and available historic aerial imagery
(dating as early as 1936) are processed in Geographic
Information System (GIS) software, such as ArcMap and
Google Earth Pro. This allows for the creation of 1-meter
digital elevation models (DEMs), precise delineation of
watersheds and sub-watersheds, and detailed mapping
of vegetation distribution and soil types. This capability
enables fine-tuned analysis of hydrologic networks and
ecological conditions at scales previously unattainable.
The integration of remote sensing (LIDAR, aerial
imagery) with GIS for watershed delineation and
vegetation/soil mapping represents a transformative
shift from traditional, labor-intensive field surveys to a
more efficient, large-scale, and spatially explicit
understanding of rangeland conditions. This enables a
more precise application of hydrologic models and
State-andTransition Models (STMs).

Software packages such as the Automated
Geospatial Watershed Assessment tool (AGWA), the
Rangeland Hydrology and Erosion Model (RHEM),
KINEROS2, the Soil and Water Assessment Tool
(SWAT), and Wildcats are extensively utilized. These
models predict peak flow, runoff volumes, and develop
storm hydrographs by integrating spatially explicit land
cover, soil type, and precipitation datasets. The
significant reliance on modeling in ecohydrology
research (34% of studies) indicates a recognition that
direct experimentation or observation alone is often
insufficient to fully understand complex, large-scale, and
long-term hydrologic processes in rangelands. Models
allow for invaluable scenario testing, such as different
storm recurrence intervals, land cover changes, and
management interventions, which would be impossible
or impractical in the real world, thus informing adaptive
management decisions more effectively. Models serve
as virtual laboratories, enabling the exploration of "what-
if" scenarios, which is crucial for developing proactive
and resilient management strategies in environments
characterized by high variability and uncertainty.

b) State-and-Transition Models (STMs)

State-and-Transition Models
fundamental land management approach first
developed by the Natural Resources Conservation
Service (NRCS) that aids managers in understanding
complex ecosystem dynamics, particularly in semi-arid
and arid lands. They describe non-linear vegetation
dynamics and ecological shifts between different
"states".

STMs are defined by key elements: "states'
(suites of temporally-related plant communities and
associated dynamic soil properties), "community
phases" (distinctive plant communities within a state),
"transitions” (mechanisms transforming one state into
another), 'triggers" (events initiating transitions), and
"thresholds" (conditions that distinguish alternative
states and preclude unassisted recovery of the former
state). For instance, an STM can depict a shift from
sacaton grassland to a 'Dry" grassland due to
processes like gullying and altered surface water
pathways, with repair methods such as water spreaders
as potential interventions.

Developing STMs involves an iterative,
systematic approach, often an eight-step process. This
generally follows from the creation of basic concepts
based on literature and expert workshops, to refining
concepts, categorizing regions based on soils and
topography, developing inventories of plants and sails,
housing data in databases, building and analyzing initial
models, and finally characterizing and monitoring
"states".

STMs are often described as "resilience-based,"
illustrating how ecosystems move between current and
alternative states, potentially crossing "thresholds"

(STMs) are a
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guided by positve and negative feedbacks.
Understanding these thresholds is crucial for preventing
irreversible degradation, as crossing them implies a shift
past critical levels of herbivory, vegetation cover, or soil
loss, disrupting ecosystem dynamics and structure. The
concept of "thresholds" is critical because it implies that
degradation is not always linear or easily reversible.
Once a threshold is crossed (e.g., due to critical soil
loss or altered hydrologic function), the ecosystem may
not recover naturally, often requiring costly and active
restoration efforts. This highlights the importance of
early intervention and proactive management to prevent
irreversible shifts, as managing to stay within a desired
state is far more effective and economically viable than
attempting to reverse a degraded state through
expensive restoration.

Recent advancements integrate remote sensing
with STMs to link ecosystem services with state
transitions. This allows managers to evaluate
management decisions based on the net flow of

ecosystem services (positive services minus negative
services), facilitating the development of ‘"best
management practices" (BMPs) by mapping ecological
sites and states based on soil type and vegetation
cover. The integration of remote sensing with STMs to
link ecosystem services to management decisions
represents a sophisticated evolution of rangeland
management. It moves beyond simply tracking
ecological changes to explicitly quantifying the human
benefits (or costs) associated with different land
management choices, providing a stronger economic
and social justification for conservation and restoration
efforts. This advancement allows managers to make
decisions not just based on ecological health metrics,
but on the value that healthy ecosystems provide to
society (e.g., water quality, forage, wildlife habitat,
recreation). This provides a powerful argument for
sustainable practices by demonstrating their tangible
benefits to human well-being and economic prosperity,
thereby engaging a broader range of stakeholders.

Table 2: Key Concepts and Application of State-and-Transition Models (STMs)

STM Key Element

Definition

State

Reference State

A suite of temporally-related plant communities and
associated dynamic soil properties that produce
persistent characteristic ~ structural and functional
ecosystem attributes.

The state supporting the largest array of potential
ecosystem services and from which all other states and
phases can be derived; often considered to represent a
historical or natural range of variability of the set of
conditions most preferred by a society.

Community Phases

Distinctive plant communities and associated dynamic
soil property levels that can occur over time within a
state.

Transition

The mechanisms by which one state is transformed into
another state.

Trigger

Threshold

Events, processes, and drivers that initiate a transition to
an alternative state. Triggers can be indicated by
changes in plant community patterns that result in
altered feedbacks or increased risk of sudden transition
from the at-risk phase.

Conditions defined by vegetation/soil characteristics
and related processes that distinguish alternative states
and that preclude autogenic (unassisted) recovery of the
former state.
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STM Development Process (8 Steps)

Key Tasks and Considerations

1. Develop initial ecological site concepts and STMs

2. Complete low-intensity survey

Review general ecosystem models, conduct literature
review, hold expert workshops/interviews; specify
functionally-important soil properties; specify transient
vs. persistent changes in vegetation; consider scale and
spatial context in transitions.

Explore relationships among states, landforms, land
uses, and soils across the project area; refine strata for
medium-intensity inventory.

3. Hierarchically stratify the region

4. Complete medium-intensity survey

Assemble digital maps and remotely sensed imagery,

link to low-intensity data; delineate or recognize climate

zones, soil-geomorphic systems, soil units, states, and
key differences in patch structure.

Sample vegetation, soils, and indicators across
soilgeomorphic systems, ecological sites, and state
strata/gradients and at many points.

5. House data in database

Database allows soil, landform, and vegetation data to
be related to one another.

6. Conduct exploratory analyses and tests of
relationships

7. Refine ecological site and STM concepts

Use scatterplots, model building, quantile regression,
and multivariate analysis to explore data and to test
specific propositions derived from ecological sites and
STMs.

Based on analyses and synthesis of literature, modify
ecological site classes, modify initial STMs, quantify
characteristics of ecological sites and states.

8. Complete high-intensity characterization and initiate
monitoring

Source:

Generate statistical samples, especially for reference
states, and collect precise information on vegetation
and dynamic soil properties to establish characteristic
values; monitor points to document dynamics of the
state.

c) Experimental Interventions

To combat groundwater decline and soil
erosion, past management methods have involved the
implementation of earthen dikes and water spreaders to
retain runoff, increase grass production, and enhance
soil moisture distribution. Furthermore, experimental
"irrigation" or simulated precipitation pulses have been
studied to understand vegetation and soil response.

Precipitation pulses are highly valuable for arid-
land systems, acting as important agents for biological
activity. One phenomenon that arises due to infrequent
precipitation pulses is that of hydraulic redistribution,
which involves plant roots taking up moisture from
deeper or wetter soil areas and actively redistributing it
to drier soil zones. This reveals a sophisticated, often

unseen, mechanism by which plants in arid
environments actively optimize water use and potentially
influence soil moisture beyond their immediate root
zone. This indicates that the role of vegetation in the
water cycle is not just about passive uptake and
transpiration, but also active redistribution, which could
have significant implications for soil health, nutrient
cycling, and the survival of other plants in water-limited
systems. This understanding is crucial for developing
more effective restoration strategies, as it suggests that
promoting certain plant species might indirectly improve
overall soil moisture conditions and support other
vegetation.

Controlled studies, such as one focusing on
Mesquite sap flow and soil water content response after
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a 50 mm irrigation application, showed an initial
increase in soil water content followed by a plateau.
Similarly, experimental precipitation addition (39 mm) on
the SRER resulted in increased soil moisture content
and decreased soil temperatures in all cases, with
implications  for mesquite establishment. These
experimental irrigation studies provide crucial empirical
evidence for how specific precipitation pulses translate
into measurable soil moisture dynamics and plant
physiological responses. This data is vital for validating
hydrologic models, calibrating water balance equations,
and designing effective, targeted water harvesting or
supplemental irrigation strategies in restoration efforts,
moving from theoretical understanding to practical
application. Such controlled experiments are essential
for establishing cause-and-effect relationships in
ecohydrology, and this type of data is critical for refining
predictive models and for developing practical,
evidence-based interventions, such as determining the
optimal timing and amount of water needed for
successful plant establishment or for enhancing soil
moisture in degraded areas.

V. Socio-EcoNnoMmic AND PolLicy
DIMENSIONS OF WATER MANAGEMENT

a) Evolving Land Ownership
Paradigms

A significant trend reshaping the western
landscape is the transition of ranch ownership from
traditional ranching families to a new cohort of "amenity
buyers". These new owners are often not dependent on
the ranch for income and are drawn to the land primarily
for its recreational and environmental values. This shift is
particularly pronounced in high-amenity areas, such as
southwestern Montana, where world-class fisheries have
fueled a real estate boom.

New ranch owners typically bring a different set
of priorites and approaches to land and water
management compared to longtime owners. They are
more likely to engage in practices such as riparian and
aquatic ecosystem restoration, reallocating water to
instream uses to benefit fish, and constructing private
fish ponds for recreational purposes. While restoration
efforts (e.g., planting willows, restoring natural stream
channels) can significantly improve habitat and mitigate
dewatered streams, the proliferation of private fish
ponds poses a number of risks to native and wild
fisheries, including the spread of disease and invasive
species, thermal pollution, and the disruption of natural
hydrologic processes.

The contrast between traditional ranching
practices (e.g., flood irrigation for forage/habitat) and
"amenity buyer' practices (e.g., instream flow
reallocation, private fish ponds) reveals a fundamental
tension between different land use values and their
associated conservation goals. Traditional ranching

and Management
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often integrates water management with livestock
production and broader ecosystem services, such as
maintaining wet meadows, while amenity buyers may
prioritize specific recreational (fishing) or aesthetic
environmental values, sometimes leading to unintended
negative consequences (e.g., from private fish ponds).
This highlights that "conservation" itself can be defined
and pursued in conflicting ways, creating challenges for
integrated land and water management.

The rise of "amenity buyers" introduces new
economic drivers into rangeland water management,
where land value is increasingly tied to recreational and
aesthetic attributes rather than solely agricultural
productivity. This can lead to market-driven shifts in
water allocation and land use that are not necessarily
aligned with broader ecological sustainability or
traditional community values, necessitating new policy
approaches. The economic incentive for land ownership
has shifted from agricultural production, which
historically dictated water use under prior appropriation,
to non-consumptive or recreational uses. This economic
shift can drive water management decisions, such as
building private fish ponds, that may conflict with
existing water rights, ecological needs, or the practices
of neighboring traditional ranchers. This necessitates
new policy frameworks that can mediate these diverse
economic and social pressures.



NAVIGATING WATER SCARCITY AND ECOLOGICAL CHANGE: A SYNTHESIS OF MODERN HYDROLOGIC AND RANGELAND
MANAGEMENT IN THE AMERICAN SOUTHWEST

Table 3: Comparison of Water Management Practices by Landowner Type in the American West

Category

Traditional Ranching Families

Amenity Buyers

Primary Motivation for Land
Ownership

Income from ranching, Cultural
traditions, Commitment to ranching
lifestyle

Recreational/Environmental values,
Not dependent on ranch for income

Typical Water Management
Practices

Flood irrigation (long-standing
tradition), Off-stream water and salt
placement for livestock distribution

Riparian and aquatic ecosystem
restoration, Reallocating water to
instream uses (for fish),
Constructing private fish ponds

Key Benefits (Observed/Stated)

Vital forage for livestock, Habitat for
wildlife, Groundwater recharge,
Late-season flows benefiting fish
habitat, Improved livestock
distribution, Increased cattle weight
gains

Improved fish habitat,
Aesthetic/recreational value,
Enhanced riparian health

Potential Unintended
Consequences/Concerns

Perceived as "inefficient" by modern
standards

Risks to native/wild fisheries
(disease, invasive species, thermal
pollution), Disruption of natural
hydrologic processes,

Concentration of animals
(predation sinks, disease spread)

Source:

b) The "Efficiency" Paradox in Irrigation

Flood irrigation, a long-standing tradition in the
American West, involves spreading water across fields
through ditches and pipes, mimicking natural flooding
processes. This practice plays a crucial role in
maintaining wet meadows, which provide vital forage for
livestock and habitat for a wide array of wildlife. It also
contributes to groundwater recharge and the creation of
lateseason flows beneficial for fish habitat. However,
flood irrigation is often perceived as ‘inefficient
compared to more modern techniques like sprinkler and
center-pivot irrigation, which may use less water overall.
The definition of "efficiency" in water use is complex and
often fails to account for the broader social and
ecological benefits of flood irrigation. Ranchers'
decisions about which irrigation methods to use are not
solely driven by economic considerations; they are also
influenced by a complex web of factors including the
natural features of the landscape, cultural traditions, the
availability of skilled labor, and a commitment to the
ranching lifestyle. The ‘efficiency paradox" reveals a
critical disconnect between a narrow, engineering-
centric definition of water efficiency (i.e., minimizing
water diverted or consumed) and a broader,
ecohydrological understanding that encompasses

multiple ecosystem services. Optimizing for one metric
(water volume saved) can inadvertently degrade other
valuable ecosystem functions (e.g., groundwater
recharge, wetland habitat, late-season stream flows),
leading to unintended negative consequences. A purely
volumetric definition of "efficiency" is insufficient for
complex ecological systems. This highlights that policies
promoting "efficiency" without considering the full suite
of ecosystem services provided by traditional practices
might lead to a net loss in overall environmental and
social value, necessitating a more holistic definition of
water use efficiency.

The influence of cultural traditions and
commitment to lifestyle on rancher decisions suggests
that purely economic or technical solutions to water
management challenges will likely face significant
resistance and may ultimately fail. Effective policy and
management strategies must integrate socio-cultural
considerations and engage landowners in a way that
respects their values and practices, rather than
imposing top-down, technology-driven solutions. Even if
a technological solution, such as sprinkler irrigation, is
technically "more efficient," it might not be adopted if it
conflicts with deeply held values or practical realities of
the ranching community. This implies that successful
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water management requires a participatory approach
that understands and addresses these socio-cultural
dimensions.

d) Water Rights and Allocation

The legal framework governing water use in the
American West is largely based on the doctrine of prior
appropriation, which grants water rights to those who
first put the water to a "beneficial use," historically
meaning diversion for agriculture and other consumptive
uses. However, in recent decades, there has been a
growing recognition of the value of instream flows for
recreation, wildlife, and ecosystem health.

While states like Montana have begun to create
legal mechanisms for reallocating water from
consumptive to instream uses, the process remains
legally and socially contentious. As the values and
priorities of landowners and society continue to evolve,
there is a growing need for more flexible and adaptive
legal and institutional frameworks for managing water in
the West. The tension between the historical "prior
appropriation" doctrine (focused on consumptive use
and diversion) and the emerging recognition of
'instream flows" for ecosystem health represents a
fundamental legal and philosophical conflict in Western
water law. This conflict directly impedes adaptive
management and highlights the inertia of legal systems
in responding to evolving ecological understanding and
societal values. A legal system designed for one set of
values (resource extraction/consumption) struggles to
accommodate new values (ecosystem health, non-
consumptive uses). This legal inertia creates significant
barriers to implementing modern ecohydrological
principles, as the existing framework is not inherently
designed for ecosystem services or adaptive
management.

The legal and social contentiousness of water
reallocation implies that future water management
solutions in the West will require significant stakeholder
engagement, negotiation, and potentially  new
governance models that can bridge the gap between
historical rights and contemporary ecological needs.
This moves beyond a purely scientific or technical
problem to a complex socio-political challenge. Water
scarcity in the West is not just a physical or ecological
problem but a deeply entrenched socio-political one,
involving competing interests, historical entitlements,
and deeply held values. Therefore, effective solutions
must involve collaborative  governance, conflict
resolution, and policy innovation that can facilitate
equitable and sustainable water allocation.

V1. CONCLUSION: TOWARDS INTEGRATED AND
ADAPTIVE RANGELAND WATER

MANAGEMENT

This synthesis underscores that rangeland
water management in the American Southwest is
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characterized by profound and intricate
interdependencies between hydrologic processes,
ecological functions, and socio-economic dynamics.
Failed infrastructure can exacerbate arroyo formation,
directly leading to significant vegetation shifts like the
decline of native sacaton grasslands. Woody plant
encroachment, while often viewed negatively, has
complex and context-dependent effects on water
budgets. Furthermore, even well-intentioned
interventions like artificial wildlife water developments,
while offering benefits, pose significant ecological risks.
The evolving landscape of land ownership, driven by
new economic motivations, and the contentious nature
of water rights further complicate effective management.
Effective and sustainable rangeland management
necessitates a holistic and interdisciplinary approach.
This involves leveraging modern methodologies such as
integrated remote sensing, GIS, and advanced
hydrologic modeling for precise data collection, spatial
analysis, and predictive capabilities. State-and-Transition
Models (STMs) are crucial tools for understanding non-
linear ecological shifts, identifying critical thresholds,
and informing proactive management strategies to
prevent irreversible degradation of ecosystem services.

a) Recommendations for Future Research, Policy, and
Management
To navigate these complex challenges and
foster resilience in  the American Southwest's
rangelands, the following recommendations are put
forth:

i. Research

Future research must prioritize rigorous, long-
term monitoring and evaluation of all management
interventions, moving beyond anecdotal evidence to
robust scientific validation. This includes a more
nuanced understanding of the ecological impacts of
practices like shrub removal, considering soil-vegetation
interactions, and a comprehensive assessment of the
full spectrum of benefits and risks associated with
wildlife water developments. Further investigation into
the diverse motivations and constraints of different
landowner types is also vital to inform effective
engagement strategies.

ii. Policy

Policy frameworks need to evolve to be more
flexible and adaptive, specifically addressing the legal
and social contentiousness inherent in water reallocation
processes. The definition of "water efficiency" must
expand beyond narrow volumetric metrics to
encompass the broader ecological and social benefits
provided by various water management practices,
including traditional ones. This requires a re-evaluation
of legal doctrines like prior appropriation to better
accommodate contemporary ecological values and the
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evolving understanding of water's role in ecosystem
health.

b) On-the-Ground Management

Practical management  should  prioritize
restoring hydrologic connectivity to support native
vegetation like sacaton, potentially through targeted
interventions such as water spreaders that consider
specific soil properties and the context-dependent
ecological role of woody plants. Collaborative
approaches involving diverse stakeholders, including
traditional ranchers, amenity buyers, government
agencies, and researchers, are essential to bridge
differing values and ensure sustainable and equitable
outcomes for water and land resources. This integrated
approach recognizes that water scarcity is not merely a
physical problem but a deeply entrenched sociopolitical
one that requires shared governance and adaptive
strategies.

The analysis implicitly argues for a fundamental
paradigm shift in rangeland management: from reactive,
single-issue interventions to proactive, integrated, and
adaptive strategies that explicitly acknowledge the deep
interconnectedness of water, land, and human systems.
This requires a continuous feedback loop between
scientific understanding, policy development, and on-
theground practice, fostering resilience in the face of
ongoing environmental and social change. The future of
rangeland management depends on moving beyond
addressing symptoms to transforming the underlying
governance and management systems to be inherently
adaptive, interdisciplinary, and responsive to the
dynamic interplay of natural and human forces.
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Longitudinal and Transverse Dispersion - Diffusion
in Streams: Its Effects in “Complete Mixing”
Condition, and the Role a New State Function

Alfredo José Constain Aragon

Absiract- In environmental impact studies on natural flows, the
concept of "complete mixing" linked to the flow's "assimilation
capacity" is usually presented in terms of transverse diffusion
alone, ignoring the fact that it is a joint mechanism with
longitudinal dispersion. This article presents a new approach
in which a state function comprehensively describes how the
two mechanisms act in unison, facilitating the interpretation
and calculation of the "mixing length." The developed
equations are applied to the study of three different channels,
obtaining satisfactory results, converging with those calculated
from Elder's transverse diffusion coefficient.

Keywords: assimilation capability of streams, state
functions, tracers.

[. INTRODUCTION

a) Paper Size, Margins, Columns and Paragraphs

For environmental impact studies, it is vital to
know the dynamics of conservative solutes moving in a
flow, which simulate quite well the behavior of the
pollutants poured in, and are therefore important for
their understanding, control and mitigation. [1] In this
perspective, the calculation of the transport coefficients,
especially the one that defines the transverse diffusion,
is fundamental.

J. W. Elder in his original work [2], based on
theoretical considerations, found a definition of the
transverse diffusion coefficient, ey, which have the
following definition, with H as depth, g, as acceleration
of gravity and S, as slope of the energy line:

ey~ 023+«xHx* /JHxg*S§ M

But later, H.B. Fischer [3], who varied this
coefficient by about 50%, found better accommodation
with the experimental results. This formula is used in this
Article as a reference for comparing results due to its
simplicity and relative accuracy.

This transverse diffusion coefficient plays a very
important role in understanding and defining the so-
called “Mixing length”, Lo, the distance at which the
solute transported in a flow is considered to be “mean
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value” distributed in the cross section, and its
concentration is a relative minimum, indicating well what
the “assimilation capacity of the channel” is reached.
With “k” a coefficient that depends on the way the solute
is injected into the flow (k=1 for central injection), U the
average velocity, and W the average width [4,5].

kxUsW?2
~ 2)

This equation refers to the channel's "width" and
is defined when the solute diffuses at an "average'
value. Although the physical basis of this equation is
sufficiently proven, the fact that it is affected by the "k"
factor, which varies between 0.1 and 0.4 and depends
on how well the injection point is located, adds an
unavoidable component of imprecision.

For this reason, it is interesting to explore an
alternative procedure, based on other principles, that
provides greater certainty in this critical measurement.

This new procedure may be based on when the
solute evenly covers the cross-section of its stream tube
with a homogeneous distribution, which may or may not
coincide with the channel's width. Figure 1 compares
the two procedures: the classic one, corresponding to
equation (2), and the new approach.

Lo

Lo = k¥U2* Wl/gy

Lo'= 4v2*%ox.

Source: Author

Figure 1: Two conditions of “complete mixing” in the
evolution of a solute
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This new situation occurs when the solute
transport distance is long enough for almost all of its
mass (99.7%) has lost most of its interactions, and its
particles are distributed homogeneously like an ideal
gas (losing significantly its interactions), [6] such that,
according to Gauss's Theory, there is a corresponding
distance of "Six sigma", when t=4v2*st, which if U=
o,/o,, it holds. [7]:

Lo” = 42 % g, (3)

Defining transverse diffusion has not been easy,
as there is no identifiable velocity distribution along this
axis that would allow theoretical manipulation to
establish mixing along this axis, as is the case on the
vertical axis. [8]

In water quality studies, this "complete mixing"
condition is of primary importance, given that monitoring
of the variables of interest, they must have optimal
representativeness, ensuring that the models run
appropriately.[9] This information is typically collected in
the field with tracer tests.

On the other hand, it is necessary to distinguish
diffusion from dispersion [10]. The former is associated
with transport caused by turbulence as a mixing agent,
and on a much smaller scale by molecular motion. The
second is more directly associated with the mixing and
expansion effect of a solute due to the shear effect
oflongitudinal velocities, arising from the mean advective
velocity. The characteristic is that both types of motion
are defined as proportional to the concentration
gradient.[11]

Thus, while dispersion expands without limit
along the longitudinal axis, transverse diffusion has a
rather small limit (restricted by a finite width). Figure 2.

Y=0>Y=W

Source: Author

Figure 2: Different Spatial Nature of Longitudinal and
Transverse Dispersion-Diffusion

This implies that, due to this restriction, diffusion
generally progresses much less rapidly than dispersion
and can reach a certain equilibrium before its
longitudinal portion, covering the cross-sectional area of
the flow.

Then, the application of two "complete mixing"
criteria. must be distinguished: One: When Lo is
applicable, the channel width and the transverse

© 2025 Global Journals

diffusion coefficient must be considered primarily. and
Two: When Lo is applicable, the spatial variance of the
solute curve must be considered primarily. Both criteria
show important aspects of the tracer advance
mechanism. The first criterion is appropriate for
channels of not very great width, in which the value of
“Lo” is practical for measurement. The second criterion
is applied in very large rivers in which the solute
behavior is well described by “Lo””, without needing to
refer it to the channel width.

[I. STATE FUNCTION TO DESCRIBE THE
EVOLUTION OF SOLUTES IN TURBULENT
FLows

a) Definition of the Function and its Relationship with
the Average Flow Velocity

A transport model has been presented based
not on the concept of “Dead zones” as the cause of the
“non-Fickian bias” of the experimental tracer curves, but
rather on the concept of heat exchange in the
phenomena of “hydration” and “dilution”, supported by
the enthalpy of formation of the solute. [12] This
evolution is described by a State Function ®(t), fulfilling
the Pfaff conditions [13] that has been applied to explain
numerous experimental cases [14,15].

$dd =0 (4)

This state function defines a one-dimensional
mean flow velocity equation, similar in its quadratic
structure to the Chezy-Manning mechanical equation
[16]. Here p=0.214.

1 2E
U= Py ’g )
b) Definition of the State Function in Terms of Distance
The function @ itself is defined by clearing it

from the previous equation, and putting it into function of
the distance, X.

Now for two points, with X1, and ®1, and X2
and @2, the following valid ratio is obtained if E does not
vary significantly between each point, from eq. (5), it
holds:

P2

Lo = (E)Z * X2 (7)

o1 VX2

w2~

This equation will be useful to find distances of

interest (X2) to ®2, when ®1 and X1 are known (this

convention would be the other way around), The

important thing is that the definitions are consistent with
each other.
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When ®1=0.38, then the time takes the value
Lo =4V2*ox, that is, the “Freedom of interactions”
condition for its particles.

c) Some Thermodynamic Considerations on
Interactions in Very Dilute Solutions

When the solute is suddenly injected into the
flow, its mass is transformed from a "solid" compound to
a "liquid" compound in a first phase, [17] by means of a
heat exchange. In this phase the hydration of the solute
particles occurs, by the interaction with the water
dipoles. Then there is the formation of structures that
respond to the Coulomb interactions between the solute
particles, also with a heat exchange, until they disappear
when the square root of the concentration will tend to
zero, according to the Huckel-Debye law for dilute
concentrations. [18] In this last phase, it can be
considered that the solute particles behave almost like
an ideal gas, which loses its interactions and is
distributed homogeneously in the volume considered.

The tendency of these mutual interactions
between solute molecules to decrease can be
measured in various ways, for example with the
thermodynamic equations of internal pressure, “pi” [19]:

(=), ~» o

This isothermal change in the “internal energy”
of the gas, E, corresponds to the interactions (mutual
attraction) of the gas particles, which is very small for
real gases and zero for ideal gases, if internal pressure
is small (low concentrations).

But perhaps the most direct way to estimate this
effect is by estimating the "braking" effect that the
electrostatic interactions have on the motion of the
solute plume flow. In this phase, this degraded
compound behaves like “Boltzmann molecular chaos,”
that is, erratically in all directions and therefore without
any particular structure.

d) Application of the State Function, &() to the
Calculation of Ratio of Discharge, According to Two
Definitions of the Parameter

If the longitudinal dispersion coefficient, E, is
cleared in eq. (5) it holds:

2 2
Ezd’”zﬂ )

And if it is applied to the definition of
Concentration (C(t) according to Fick, [20] we have:

_ -t?
C(x, t) ~ *x e 2*0.214*(d>*t)2 (—] O)

Q*Pxtpx1.16

The peak concentration, Cp, is then:

M
Cp X —
Q*Pxtp*1.16

Therefore, the discharge, Q, is:

- M
- CpxPxtp=*1.16

Q’ (12)
And according to the principle of conservation

of mass we have:

M
f: c(t)dt

Q= (13)

If the ratio, r, between these two definitions of
mass is defined as:
(7o)
Q j: c(t)de

TR —=x

¢ ()
Cp *® *tp x1.16

The average value of the solute concentration is:

<C(t) >~ 0441 «Cp (15)
Now, if ®=0.38, when tp=4v2*ct, and the

solute particles significantly lose their interactions, and

considering the mean value theorem, [21], we have:

M
<ff cmm) _ Cp*038+L16 _ <C(D)> _

M 1 tp ~<cit)>
(Cp*cb*tp*l.m) tp 70 C()dt ©

1.0 (16)

=~

That is, when the “complete mixing” condition is
met, the two versions of the flow are equal, that is, when
the interactions of the solute particles virtually
disappear.

If the solute is considered as an ideal gas, its
internal pressure, “pi” must comply with Clapeyron’s
law, with B as a physical constant. [22]

ixV
P~ B
T

(17)

For the approximate isothermal process, it is
found that as the volume of the solute plume increases
(which effectively occurs due to the increase in entropy),
the internal pressure (and interactions) must decrease.
In this way, equation (16) is fully justified since when
®=0.38 is reached, the solute plume defines a volume
such that its passage in time coincides with the
definition of discharge in that point.
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I11. CLASSICAL FORMULAS FOR CALCULATING
THE TRANSVERSE DIFFUSION
COEFFICIENT, €Y, AND ITS RELATIONSHIP
WITH THE LONGITUDINAL DISPERSION
COEFFICIENT, E.

The most notable antecedents of these
calculations are the formulas proposed by Elder in the
middle of the last century, where the two definitions
depend on the "shear velocity", u. =v(H*g*S).[23]

The longitudinal coefficient proposed was:

E ~593+H=*u, (18)

And the transversal coefficient, as in eq. (1),
corrected by Fischer, was:
ey~ 0.6 *H *u, (19)
That is, both transport coefficients depend on
the same dynamic factor, u..[24] Therefore, in general,
the ratio of both coefficients “E/ey” can be established
as a function “G” that depends on factors other than u.,
generally of an empirical, geometric or
geomorphological nature, with different values
depending on each author, and what factors they
consider.[25]

g ~ G(several factors) (20)

The use of u. as the universal dynamic root to
define transport coefficients is not accidental, since
frictional friction is key to understanding and defining
momentum transfers between turbulent fluid layers. [26]

On the other hand, it should be considered that
turbulence occurs equally along the longitudinal and
transverse axes, with shear advection being the
predominant differentiating factor in longitudinal
dispersion.

IV. RATIO BETWEEN LONGITUDINAL AND
TRANSVERSAL TRANSPORTATION AS A
FUNCTION OF THE RESPECTIVE VARIANCES

a) “Complete Mixing” Condition for Longitudinal
Transport as Function of Longitudinal Variance
Longitudinal  dispersion develops in an
unconstrained scenario, as in Figure 3, showing how at
t=4v2*ct, and at Lo=4V2* ox, the solute reaches the
condition of loss of interactions. This "complete mixing"
condition for the curve is defined from the origin to the
point where there is only one time (space) variance.
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C(t)

tp=4\2%at ot

Source: Author

Figure 3: Definition of 4v2*ox from 0 to only one space
variance

b) “Complete Mixing” Condition for Transverse
Transport as Function of Transverse Variance
To establish when the transverse axis transport
reach the cross section homogeneously of solute tube,
a similar analysis must be performed to determine how
many times the transverse spatial variance, o, is in the
width, Wo, for the same distance Lo". Figure 4.

Source: Author

Figure 4. Curve C(y) in Wo, at distance Lo’

The Gaussian expression in terms of the
transverse spatial variance for this case is, with Cp
equal in C(X) and C(Y), since t=4v2*t for both
distributions , as follows

w
y-75)?
2*0)2,

Cy)i~C(pxe (1)

The function C(t) in this case corresponds to the
inflection points of the curve.

C(t)i ~ 0.608 « Cp (22)
Therefore, eq. (21) would be put like this:
(y—g)2
L e ¥ (23)

c8)i
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Rearranging:
y—7)?
1 c1.64~e 2 (24)
0.608
And then, with y=0:
2
- LG _w
Ln1.64] ~ 0.50 ~ 325 ~ 7 (25)
And then:
w
O'y = ? (26)

Then, concurrently with eq. (3), the tracer
plume, when ®=0.38, transversely occupies half of the
plume width. Figure 5.

Figure 5: Occupation of 2 Flow Width by Diffusion
transverse variance

Therefore, dividing the two displacements, the
longitudinal and the transversal, we have:

2~¥z4\/2

Iy

(27)

c) Quantitative Description of this Dynamic to Find the
Ratio of Centroid Time and Peak Time
The author have already developed a
successful approach for calculating the centroid-to-peak
time ratio, “t/t,” based on thermodynamic
considerations, [27] as shown in Figure 5.

A

42|

L0 = T Lo

. 0

2.16

Source: Author

Figure 5: Curve of the ts/tp ratio as a function of ®(t)

When ®=2.16, the ts/tp ratio is maximum, close
to 4v2, which is the maximum allowed by the
homogeneously distributed mass. For ®<0.38, it
asymptotically approaches 1.0, i.e., there is no delay in
the solute centroid when electrostatic interactions
between its particles cease. The approximate equation
for this trend is:

5 ~0.85+®?2 +1
tp

(28)

A notable value of this calculation is when
®=0.38, the moment at which the solute changes to the
ideal gas condition, and the electrostatic “braking”
effect is reduced to a minimum:

ts

=~ 0.85%0.3822 + 1 ~ 1.10

tp

(29)

Which means that the centroid delay is 10%,
that is, at the limit of the order of magnitude to not be
considered.

d) Quantitative Description of this Dynamic to Find the
Ratio of the Transport Coefficients X, and X,
Now, based on results described in 4.2, it is
interesting to find the relationship “c,/c,”, which
corresponding curve is as shown in Figure 6.

A A

42

@

.
Ll

2.16
Source: Author
Figure 6: Curve of the o,/c, ratio as a function of @(t)

A more detailed representation,
notable modeling points, is shown in Figure 7.

including
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o,/o, (D)

8
7 :
6 "‘.‘ o/0, = 2,126*(D0°%°
s
4
3
2 e,
1 -9
0
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Source: Author

Figure 7. Detailed Curve of the ratio ox/cy as a function
of d(t)

The approximate equation for this trend is:

= o (30)

The notable points here are: For ®=2.16, at the
beginning of the process, the two variances are
practically equal, and ox/cy=1, given that the bias
imposed by the advection shear effect is just beginning.
For later events, when ®=0.38, the two values
progressively diverges to infinity.For this reason, as a
practical limit of the expansion of the function, it is taken
no longer to 0.38. Note that this limit is the one of
interest, since up to this point, the "Mixing Length" is
obtained.

Therefore, the Gaussian ratio of the longitudinal
and transverse transport coefficients will be:

Ox

ay &y

(31)

And therefore:

(32)

Normally the longitudinal coefficient, E, is
known, then the transverse coefficient will be:

E
Ox 2
&)
This value of ey must be contrasted with the one
calculated from the Elder corrected eq. (19), which is

considered an acceptable standard for the channel
under study.

= (33)
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V. PRACTICAL APPLICATION OF THE METHOD

TO REAL CHANNELS IN COLOMBIA AND
USA

a) Upper Guavio River, Colombia in 2001

For this study, we consider saline tracer (NaCl)
experiments conducted by the Universidad de los
Andes in Bogota in 2001 on the upper Guavio River, a
mountain , very roughness river near the town of
Arbelaez in the center of the country. [28] Figure 8.

Source: Author

Figure 8: View of Rio Guavio, near Arbelaez. Colombia
The data of this stream experiment is in Table 1.

Table 1: Experimental data at Rio Guavio

Date: June 17, 2001. 2n station curve.
2ond curve length: X = 98.1 (m)
Width: W = 10.0 (m)

Depth: H = 0.25 (m)

Hydraulic radius: R=0.22 (m)

Slope: S = 0.045

Cross-sectional area: Ayz = 2.3 (m2)
Roughness (Manning): n = 0.32

Flow rate: Q = 0.550 (m3/s)

Average velocity: U = 0.24 (m/s)
Mass (NaCl): M = 12233.0 (g)

Peak time: tp = 410.0 (s)

State function: ® = 0.55

Longitudinal coefficient: E = 0.77 (m2/s).

Source: Author

The experimental tracer curve and its model,
using equation (9), for that experiment at the second
station, are shown in Figure 9.
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Figure 9: Experimental curve (broken) and
superimposed model (soft), using equation (10)

As can be seen at a distance of X1=98.1 (m)
and with a State Function of ®1=0.55, does not yet
reach the condition of complete mixing, which occurs at

®=0.38, then the unknown distance, Lo, must be
estimated approximately with the eq. (7):
o1 Vx2
02~ Vi (34
Then:
VX2 ~ /981 * (%) ~ 1433 (35)
So:
X2 ~ Lo’ =~ 206.3 (m) (36)

Now, ratio o,/c,, €q. (30) is then calculated for ®=0.38

o 2.126
L rx——0>=x 543

gy (0.38)0:969

(37)

And the transverse transport coefficient, gy, is
as in eq. (33):

E 077 _ 077 m2
gy r—— =~ —=—=0.026 (—
Y 5.432 ( s )

(zr_x>2 29.5
Iy

This Coefficient
obtained by Elder:

(38)

is verified against the value

ey ~ 0.6  0.25 * V0.25 + 9.83 * 0.045 ~ 0.050 (") (39)

The ratio of the two results are 1.92, then, of the
same order of magnitude, and are accepted as valid
verification. The mixing length Lo, eq. (2), is then:

__ 0.1x0.24x102

Lo = 0028 ~ 92.3(m) (40)

Comparing with Lo” calculated with eq. (7) , it is
noted that Lo” >Lo and it is accepted that With a central
injection (k=0.1) the dispersion covers the width of the
channel, but as Lo” is greater, the solute does not yet
have a homogeneous distribution in its volume.
Although the transverse diffusion coefficient has been
calculated with a good approximation to the reference
(Elder-Fischer), since there is no strict control over the
exact injection, the multiplier "k" may vary. In this case,
the Lo” figure can be considered more precise since it
does not depend on this factor.

b) Rio Bogota, Colombia in 2024

The Bogota River near the flower farms in the
capital is a small to medium-sized plain river with a
gentle gradient. In this day were used fluorescent tracer
(RWT). Figure 10.

Source: Author

Figure 10: Bogota River, near capital, in Colombia.

The river experimental data on that day were in
Table 2.
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Table 2: Experimental data at Rio Bogota

Date: September 5, 2024. 2ond station curve
2ond curve length: X = 3515.0 (m)
Width: W = 20.0 (m)

Depth: H= 2.3 (m)

Hydraulic radius: R=1.58 (m)

Slope: S = 0.0006

Cross-sectional area: Ayz = 38.8 (m2)
Roughness (Manning): n = 0.025

Flow rate: Q = 26.8 (m3/s)

Average velocity: U = 0.69 (m/s)

Mass (RWT): M = 160.0 (g)

Peak time Second curve: tp = 5097.0 (s)
State function: ® = 0.167

Longitudinal coefficient: E = 7.25 (m2/s).

Source: Author

The experimental tracer curve and its model,
eq. (10), for that experiment at the second station, are
shown in Figure 11.

T C(t) Rodamina WT,E2 C (Ppb) vs tiempo (s)

12 |}
10

8

0 1000 2000 3000 4000 5000 6000  TODO 8OO0 9000

Rodamina WT, E1 C(Ppb) vs tiempo (s)

1
—
[ 1000 2000 2000 4000 5000 G000

Source: Author

Figure 11: Experimental curve (red) and superimposed
model (gray)

As can be seen, the “Complete Mixing”
condition for Dispersion was reached at an earlier point,
since ©<0.38, therefore equation (7) must be applied to
calculate approximately the distance X1 at which it
occurred with ®,=0.38:

D2
VX ~ (2) « VX2 (41)
And then:
1
VX1 ~ (%) « /3515 ~ 26.1 (m2) (42)

And therefore, X1=Lo =681.0 (m)
Now, eg. (30) is then calculated for ®=0.38:

© 2025 Global Journals

o 2126
L rx———>=x 543

ay ~ (0.38)0969

(43)

And the transverse transport coefficient, gy, is
ineq. (33):

E 7.26 7.26 m2
8y~@5~m~m~0.25(T) (44)
Ty

It is verified against the value obtained by Elder-
Fischer:

ey ~ 0.6 2.3 /2.3 = 9.83 » 0.0006 ~ 0.160 (*2) (45)
S

The ratio of the two results are 1.56, then, of the
same order of magnitude, and are accepted as valid
verification.

0.1%0.69%202
Lo~ ———
0.25

= 662.4 (m) (46)

Comparing with Lo”, calculated with equation
(7), it is noted that Lo’= Lo (same order) and it is
accepted that the calculation on the width of the channel
is equivalent to the criterion of homogeneous

distribution of the tracer on the solute current tube.

c) Caltech Channel, USA in 1966

A third example is documented, a tracer
experiment carried out by H. B. Fischer [29] on the 40
(m) calibrated channel of the W. M. Keck Laboratory at
Caltech, in 1966. In this experiment (Series 2700),
Fischer injected NaCl as a tracer, measuring two
sequential curves. The objective of the experiment was
to test Elder's diffusion theory. Figure 12.

Source : [3]
Figure 12: W.M. Keck 40 (m) channel in Caltech. USA

The channel experimental data on that day were
in Table 3:
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Table 3: Experimental data at Caltech channel

Date: 1966. 2ond station curve.

2nd curve length: X = 25.06 (m)
Width: W = 1.09 (m)

Depth: H = 0.128 (m)

Hydraulic radius: R=0.104 (m)

Slope: S = 0.0002

Cross-sectional area: Ayz = 0.14 (m2)
Roughness (Manning): n = 0.009
Flow rate: Q = 0.053 (m3/s)

Average velocity: U = 0.372 (m/s)
Mass (NaCl): M = 40.5 (g)

Peak time 2ond curve: tp = 67.4 (s)
State function 2ond curve: ® = 0.130
Longitudinal coefficient: E = 0.0169 (m2/s).

Source: Author

The experimental (dotted lines) two tracer
curves and the models (thick continuous lines), are
shown in Figure 13.

140

120

& 8 8
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B
[=]

20 +
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Source: Author

Figure 13: Experimental curves (dotted) and
superimposed model (thick continuous line)

As can be seen, the “Complete Mixing”
condition for Dispersion was reached at an earlier point,
since ®<0.38, therefore eq. (7) must be applied to
calculate approximately the distance at which it
occurred, with X2=25.06 (m), and ®2=0.130. It is
necessary that ®1=0.38 as explained.

VX1 ~ (g) « VX2 (47)
And then:
1
VXTI ~ (%) «V2506 ~ 1.71 (m2)  (48)
And therefore, X1=Lo" = 2.93 (m)
Now, eq. (30) is then calculated for ®=0.38
%y 2~ 543 (49)

ay ~ (0.38)0969
And the transverse transport coefficient, gy, is
ineq. (33):

E 00169 _ 0.0169
~ 5432 295

~0.0006 (%%)  (50)

It is verified against the value obtained by Elder:

ey ~ 0.6 * 0.128 *1/0.128 x 9.83 * 0.0002 =~

0.00122 (%) (51)

The ratio of the two results are 4.92, not so
convergent to unit, but of the same order of magnitude,
and are accepted as valid verification.

The mixing length Lo, eq. (2), is:

__ 0.1x0.372x1.092

Lo = 00008 ~ 73.7 (m)

(52)

The two notable distances, Lo and Lo', differ
greatly in their values, indicating that longitudinal
dispersion achieves the mixing effect first, rather than
transverse diffusion, which has an exaggeratedly high
value for the special scope of the channel, indicating
that probably in artificial channels, with very small
Longitudinal transport coefficient, the indicated method
to establish “Complete Mix” is the Lo " calculation.

VI. RESULTS AND DISCUSSIONS

1. This article develops criteria to estimate when a flow
reaches the "Complete Mixing" condition. When
using the classic Rutherford formula, the transverse
diffusion coefficient is calculated from the ratio of
longitudinal and transverse variances, using a
nonlinear distribution function of ®, and the value of
the longitudinal dispersion coefficient. The values of
these calculations are convergent with those found
by the Elder-Fischer formula. The alternative
criterion is based on finding the distance from the
tracer at which ® = 0.38, and the solute is
considered homogeneously distributed in the
volume covered by the tracer.

2. The first criterion estimates that the tracer fills the
channel width, while the second does not.

3. In real streams, the two criteria can sometimes
converge, and sometimes not. In very large rivers
(with very large widths), where the "mixing lengths"
calculated using the classic formula are very long,
the other criterion should be preferred, since the
interest is often to determine the advection-
dispersion characteristics at a certain intermediate
point (not across the entire width).

4. To characterize the evolution of the conservative
solute in the flow, a state function @, is
documented, which describes the different notable
moments analyzed here.

5. To verify whether this value of gy is consistent with
Elder's classic calculation, taken as a reference, the
method is applied to a real field experiment.
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membership can later be promoted to Fellow Membership. Associates are elected for life through a peer review
process on the basis of excellence in the respective domain. There is no limit on the number of new nominations
made in any year. Each year, the Open Association of Research Society elect up to 12 new Associate Members.
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BENEFITS

TO THE INSTITUTION
GET LETTER OF APPRECIATION

Global Journals sends a letter of appreciation of author to the Dean or CEO of the University or Company of which
author is a part, signed by editor in chief or chief author.

" EXCLUSIVE NETWORK
GET ACCESS TO A CLOSED NETWORK

At
‘ ‘F A ASFRC member gets access to a closed network of Tier 1 researchers and
- scientists with direct communication channel through our website. Associates can
reach out to other members or researchers directly. They should also be open to

reaching out by other.

CERTIFICATE
RECEIVE A PRINT ED COPY OF A CERTIFICATE

Associates receive a printed copy of a certificate signed by our Chief Author that
may be used for academic purposes and a personal recommendation letter to the

dean of member's university.
Credibility Reputation

DESIGNATION
i, GET HONORED TITLE OF MEMBERSHIP
gl

::.?N Associates can use the honored title of membership. The “ASFRC” is an honored
_ B title which is accorded to a person’s name viz. Dr. John E. Hall, Ph.D., ASFRC or

William Walldroff, M.S., ASFRC.

L‘-‘.' '
Or
w e i

RECOGNITION ON THE PLATFORM
BETTER VISIBILITY AND CITATION

All the Associate members of ASFRC get a badge of "Leading Member of Global Journals" on the Research
Community that distinguishes them from others. Additionally, the profile is also partially maintained by our team for
better visibility and citation. All associates get a dedicated page on the website with their biography.
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FUTURE WORK

GET DISCOUNTS ON THE FUTURE PUBLICATIONS

Associates receive discounts on the future publications with Global Journals up to 60%. Through our
recommendation programs, members also receive discounts on publications made with OARS affiliated
organizations.

GJ INTERNAL ACCOUNT

UNLIMITED FORWARD OF EMAILS

Associates get secure and fast GJ work emails with unlimited forward of emails
that they may use them as their primary email. For example,

john [AT] globaljournals [DOT] org.

PREMIUM TOOLS
ACCESS TO ALL THE PREMIUM TOOLS

To take future researches to the zenith, fellows receive access to almost all the
premium tools that Global Journals have to offer along with the partnership with

" some of the best marketing leading tools out there.

CONFERENCES & EVENTS
ORGANIZE SEMINAR/CONFERENCE

Associates are authorized to organize symposium/seminar/conference on behalf of Global Journal Incorporation
(USA). They can also participate in the same organized by another institution as representative of Global Journal.
In both the cases, it is mandatory for him to discuss with us and obtain our consent. Additionally, they get free

research conferences (and others) alerts.

EARLY INVITATIONS
EARLY INVITATIONS TO ALL THE SYMPOSIUMS, SEMINARS, CONFERENCES

All associates receive the early invitations to all the symposiums, seminars, conferences and webinars hosted by

Global Journals in their subject.
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PUBLISHING ARTICLES & BOOKS
_ ,f EARN 30-40% OF SALES PROCEEDS

W Associates can publish articles (limited) without any fees. Also, they can earn up to
30-40% of sales proceeds from the sale of reference/review

books/literature/publishing of research paper.

REVIEWERS
GET A REMUNERATION OF 15% OF AUTHOR FEES

Associate members are eligible to join as a paid peer reviewer at Global Journals Incorporation (USA) and can get
a remuneration of 15% of author fees, taken from the author of a respective paper.

AND MUCH MORE
GET ACCESS TO SCIENTIFIC MUSEUMS AND OBSERVATORIES ACROSS THE GLOBE

All members get access to 2 selected scientific museums and observatories across the globe. All researches
published with Global Journals will be kept under deep archival facilities across regions for future protections and
disaster recovery. They get 5 GB free secure cloud access for storing research files.
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ASSOCIATE

$4800

lifetime designation

Certificate, LoR and Momento
2 discounted publishing/year
Gradation of Research
10 research contacts/day
1 GB Cloud Storage

GJ Community Access

FELLOW RESEARCH GROUP BASIC
$6800 $12500.00 APC
lifetime designation organizational per article
Certificate, LoR and Certificates, LoRs and GJ Community Access
Momento Momentos
Unlimited discounted Unlimited free
publishing/year publishing/year
Gradation of Research Gradation of Research
Unlimited research Unlimited research
contacts/day contacts/day
5 GB Cloud Storage Unlimited Cloud Storage
Online Presense Assistance Online Presense Assistance
GJ Community Access GJ Community Access
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PREFERRED AUTHOR GUIDELINES

We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio.
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global
Journals do the rest.

Alternatively, you can download our basic template from https://globaljournals.org/Template.zip

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables.
Authors who are not able to submit manuscript using the form above can email the manuscript department at
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before
submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.

w

o

Declaration of Conflicts of Interest

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and
organizations that could influence (bias) their research.

PoLICY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
existing research data. The following, if copied, will be considered plagiarism:

e  Words (language)

e Ideas

e  Findings

e Writings

e Diagrams

e Graphs

e lllustrations

e |lectures
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e Printed material

e  Graphic representations
e  Computer programs

e Electronic material

e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e lLarge images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and
with a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tirs FOR WRITING A GOOD QUALITY SCIENCE FRONTIER RESEARCH PAPER

Techniques for writing a good quality Science Frontier Research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of science frontier then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind dafter intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
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Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.

e Use paragraphs to split each significant point (excluding the abstract).

e  Align the primary line of each section.

e  Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

O OO

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0  Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.
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Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.

Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

0 Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or

manuscript.
What to stay away from:
0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.
0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after
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decision of Paper. This report will be the property of Global Journals.

Topics

Abstract
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Result
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facts and figures, well
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Well organized, meaningful
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concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized
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appropriate format, grammar
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unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed
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text, difficult to comprehend

Wordy, unclear conclusion,
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Above 250 words
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