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ABSTRACT: Facing the multiple challenges brought about by global change and social development, this
paper proposes the conceptual framework of “Holdiversity (#= % #%1%)”, which defines human diversity,
biological diversity, and environmental diversity as an interdependent, co-evolving, coupled system. This
approach aims to systematically comprehend the synergistic mechanisms between humans and nature,
facilitating the construction of trade-off strategies for sustainable development. Furthermore, this paper
proposes that the watershed can serve as a fundamental operational unit for Holdiversity research. Its
distinct natural boundaries and hierarchical structure enable it to effectively carry the spatial superposition
and feedback coupling of multiple diversities. This concept aims to provide an integrated framework for
interdisciplinary research and to offer a novel perspective on implementing the United Nations Sustainable
Development Goals (SDGs).

Keywords: Watershed; Watershed ecology; Sustainable development; Interdisciplinary; Humans and
nature; SDGs

1. Introduction

Global change and human activities are comprehensively undermining the sustainability of the human
community, manifested by the rapid loss of biodiversity, exacerbated economic losses caused by species
invasion, rising risks of war and conflict, and frequent occurrences of infectious diseases. To address these
complex challenges, the United Nations proposed the Sustainable Development Goals (SDGs) [1].

Sustainability scientists and managers have pointed out that the realization of the SDGs cannot rely on
the separate advancement of isolated goals, but must be based on a holistic framework of deeply coupled
human societies and natural systems for collaborative governance [2—5]. Over the past few decades,
researchers have proposed various coupled frameworks to integrate “society” and “nature”. For example,

© 2026 The authors. This is an open access article under the Creative Commons Attribution 4.0 International License
[ (https://creativecommons.org/licenses/by/4.0/).




J. Watershed Ecol. 2026, 1(1), 10007. doi:10.70322/jwe.2026.10007 2010

the Social-Economic-Natural Complex Ecosystem (SENCE) relatively early on regarded social, economic,
and natural subsystems as an interdependent and interacting complex system, emphasizing the balancing
of social, economic, and natural goals in system evaluation and decision analysis [6,7]. Subsequently, the
Social-Ecological Systems (SES) framework further understood social and ecological systems as
interdependent, co-evolving, and highly adaptable complex wholes, focusing on system resilience, adaptive
governance, and cross-scale interactions [8—11]. The Coupled Human and Natural Systems (CHANS)
framework emphasizes that human systems (including economy, society, culture, and institutions) and
natural systems (including hydrology, atmosphere, biology, and geology) are deeply intertwined, forming
an inseparable, complex macroscopic system with bidirectional feedback [12]; in this system, there is no
pure nature entirely free from human influence, nor is there a society free from natural constraints. The One
Health framework takes human health, animal health, and environmental health as core elements,
highlighting the close connections among the three [13,14]. In recent years, the Social-Ecological-
Technological Systems (SETS) framework has viewed social, ecological, and technological systems as a
mutually coupled whole, particularly emphasizing the relationships between technological infrastructure,
social governance, and ecological processes in urban and human-dominated landscapes [15,16].

However, while existing frameworks have all promoted a systematic understanding of social-natural
relationships from their respective perspectives, shortcomings remain: First, in implementing the SDGs,
the treatment of “nature” or “ecosystems” is overly general, failing to adequately distinguish between
biological elements and the abiotic environment. For instance, SDGs 6, 7, 12, and 13 primarily address
abiotic environmental conditions such as water and climate, whereas SDGs 2, 3, 14, and 15 are more
directly related to biological elements such as biodiversity and ecological functions. Second, existing
frameworks still generally possess an anthropocentric tendency [17]. SENCE tends to highlight economic
development needs; SES mostly aims to enhance the resilience of human society; CHANS often takes
human activities as the analytical starting point; One Health ultimately serves human health and safety; and
SETS may reinforce the logic of maintaining the operation of human society through technological means.
In the future, there should be a shift from the perspective of industrial civilization to the understanding of
a human-nature community—that is, shifting from a nature-conquering perspective that views nature as an
exploitable object to an epistemological angle of equal rights and balance between humans and the Earth.
Third, there is a lack of consensus on the end goal. The goals of existing frameworks differ in emphasis but
provide limited support for elucidating the ultimate goal of sustainable development [18,19]. The common
end goal of humanity needs to be sought within different civilizations, such as the core philosophy of
“harmony between humanity and nature” (X A 4&—) in Chinese civilization [20]; the holistic cosmology
of “the oneness of all things” in Native American culture [21]; the principle of Ahimsa (non-violence) in
Indian civilization [22]; and the Stoic cosmology of ancient Greece. A new framework should be able to
effectively integrate contemporary and historical wisdom on sustainable development.

We believe that the macro-history of Earth’s evolution provides a natural logic for addressing the above
shortcomings and constructing a new sustaiable framework and agenda. Looking back at the Earth’s
approximately 4.6 billion years of history, it has roughly gone through three stages: “abiotic—biological—
human”. Before the emergence of life, the Earth system was primarily composed of abiotic environmental
elements, and the formation and differentiation of environmental diversity provided the foundational
conditions for the origin and evolution of life. After the emergence of life, the interactions, mutual
feedbacks, and co-shaping between biodiversity and environmental diversity have long constituted the
fundamental processes of the Earth’s surface system evolution, ultimately nurturing humanity [23]. Since
entering the Anthropocene, humans, as a special kind of biological element, have joined this process,
exerting continuous and profound impacts on biological systems and abiotic environments, while
simultaneously being subjected to positive or negative feedback brought about by changes in biodiversity
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and environmental diversity. The cosmologies of several major civilizations reflect the aforementioned
processes to varying degrees.

Based on this, the present paper proposes the concept of Holdiversity (#= % #£14), aiming to integrate
the multidimensional aspects of natural and human systems in a more comprehensive manner, identify the
spatiotemporal relationships among the three elements, and reconstruct the coupled evolutionary processes
of the environmental-biological-human triad since the Anthropocene (Box 1; Figure 1).

HOLDIVERSITY

An Integrative Concept Toward Sustainability

HUMAN DIVERSITY

politics, economics, culture, and society

/ly d['o /O y o

9eom ; dions:
OrPhOIogy, SOH/SUbstrate, physiCOChem‘ca‘ cov

Operational Unit: The Watershed

Figure 1. Conceptual diagram of Holdiversity. Holdiversity integrates three interdependent dimensions: environmental diversity
(bottom; abiotic conditions including climate, hydrology, and geomorphology), human diversity (right; political, economic,
cultural, and social forms ranging from traditional to urban systems), and biodiversity (left; genetic, species, and ecosystems).
These dimensions interact through co-evolutionary dynamics (center), encompassing feedback loops, synergies, and trade-offs.
The watershed serves as the operational unit for analyzing these coupled processes toward sustainability.
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Box 1. Concept Definition: Holdiversity.

Holdiversity is a diversity community composed of human diversity, biological diversity, and environmental diversity,
emphasizing their interactions, mutual constraints, and co-evolution across different spatiotemporal scales. Its connotations include:

Environmental diversity: The total variability of abiotic environmental elements (e.g., climate, hydrology,
geomorphology, soil/substrate, physicochemical conditions, and disturbance processes), used to characterize the background
constraints and process support provided by natural systems for life and human activities.

Biodiversity: The total variability of living organisms across genetic, species, and ecosystem levels [24].

Human diversity: The sum of diverse forms of human politics, economics, culture, and society. It encompasses

knowledge systems, technological pathways, institutional arrangements, and security elements, representing the pluralistic

structure and differentiated action capacities of humans as both regulators and service targets of sustainable development.

2. Theoretical and Methodological Significance
2.1. Interdisciplinary Compatibility and Unified Expression

The Holdiversity framework can simultaneously align with the standpoint of modern industrial
civilization and the perspectives of traditional wisdom from various civilizations. Through the division of
three dimensions—*“environment—biology—human”—*“Holdiversity” can simultaneously encompass
abiotic environments, biological systems, and elements of human society. By incorporating institutions,
culture, technology, and the economy into the human dimension, it forms an integrated framework
compatible with fields such as environmental science, ecology, biodiversity science, social sciences,
economics, and sustainability science [25,26].

From the perspective of knowledge hierarchies, environmental science, the social sciences, economics,
and related technological applications primarily correspond to the levels of engineering and technological
sciences, serving to identify problems, inform governance practices, and construct policy tools. Meanwhile,
ecology and biodiversity science provide basic disciplinary theories, revealing system structures, functional
processes, and interaction mechanisms. Together, this constructs a sustainability science system that
integrates natural systems, human development, and value goals. Therefore, the construction of the
Holdiversity framework can not only achieve an interdisciplinary unified expression but also promote the
systematic development of sustainability science.

2.2. Systematically Depicting Anthropocene Coupling Realities and Revealing Emergent Properties

Holdiversity understands the world as a collection of three interdependent, interacting, and dynamically
evolving diversities. It includes not only the key elements within each of the three dimensions but also
emphasizes the coupled evolutionary relationships between cross-level feedbacks and intra-level structures.
Due to cross-scale coupling and feedback, Holdiversity is not a simple summation of the three diversities;
the system as a whole can generate emergent properties that cannot be deduced from a single dimension,
such as synergies and trade-offs, threshold effects, path dependence, and resilience disparities. This
provides a conceptual foundation for explaining why identical policies yield varied results across different
contexts [24-26].

2.3. Establishing Ontological Equivalence

By unifying the three elements (environment, biology, humans) under the lexicon of “diversity”,
Holdiversity assigns equal ontological importance to environmental diversity, biological diversity, and
human diversity. This helps prevent sustainability value systems from becoming excessively skewed
toward single objectives—such as purely economic growth, ecological protection, or environmental
governance. It encourages research and policy to establish more balanced target settings and evidence
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organization among the three diversities, thereby facilitating a more systematic identification of cross-target
synergistic opportunities and unavoidable trade-off boundaries.

3. Practical Validation of Holdiversity Science

Spatiotemporal scales are core elements of ecological research, and consequently, watersheds have
long been regarded as the optimal units for such studies [27-31]. As natural spatial units characterized by
distinct physical boundaries, closed-loop processes, and tightly interwoven social-ecological systems, river
watersheds undoubtedly serve as a fundamental unit and natural scale for biodiversity observation,
analysis, and management.

3.1. Theoretical and Practical Adaptability of Watershed Units

The rationale for adopting the watershed as the operational unit for Holdiversity lies in its three
irreplaceable attributes. First, the consistency between natural and governance boundaries. Watershed
divides define the basic closure of material cycling and hydrological processes. Throughout long-term
human settlement and resource utilization, they have shaped relatively stable water-use communities and
governance units, providing an identifiable spatial carrier for the interactions of environmental, biological,
and human diversities. From the headwaters to the estuary, a watershed continuously encompasses
highlands, slopes, river channels, lakes/reservoirs, floodplains, and artificial ecosystems, allowing the three
diversities to coexist and couple within the same observable geographic space. Second, the intuitiveness
and traceability of feedback loops. Material, energy, and information flows across subsystems within a
watershed form traceable feedback loops, enabling the non-linear coupling between human activities and
environmental-biological processes to be concretely identified and mechanistically explained. Third,
natural hierarchical nesting. Watersheds possess inherent hierarchies, providing a natural scale for
integrated multi-scale and cross-scale research [27-31].

3.2. Case 1: Specific Analysis of the Formation Mechanism of the “Rao San Ling” Cultural Settlement in
the Erhai Basin

Taking the Erhai Basin in China as an example, this region is located in the Hengduan Mountains. The
elevation drop between the Cangshan Mountains and Erhai Lake exceeds 2000 m. This massive elevation
gradient creates significant climatic differentiation, thereby nurturing rich biodiversity. “Rao San Ling”, an
intangible cultural heritage unique to the Bai people living in the Erhai Basin, is a large-scale touring
activity composed of various specific regional cultural elements. It is also the historical memory of
Holdiversity evolution in the basin. Previous sociological or folkloric discussions on its origin and evolution
have proposed hypotheses such as ancestor worship, rain-praying, disaster prevention, and romantic
rendezvous, failing to reach a consensus [32,33].

However, applying the Holdiversity framework allows us to reconstruct the origins of this cultural
settlement and understand the historical dynamics of human development in the basin. Water level
fluctuations in Erhai Lake were the key drivers shaping Holdiversity and the Rao San Ling cultural settlement:

In the first stage, the basin’s high water levels (ca. 2100 m) restricted early humans to high-altitude
valleys, relying primarily on foraging and hunting. In the second stage, as water levels dropped (ca. 2000 m),
portions of the alluvial plains at the foot of the Cangshan Mountains were exposed. This promoted agricultural
development and drove population growth and social prosperity. However, human impacts on the Cangshan
forest ecosystems have led to disasters such as mudslides. Responding to such disasters became the critical
task of this stage. In the third stage, water levels dropped further, releasing more alluvial plains and further
expanding agricultural prosperity. Simultaneously, streamflow from the Cangshan Mountains became
insufficient to support agricultural irrigation. The resulting dependence on rainfall made rain-praying a crucial
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cultural element during this stage. The touring route and configuration of elements in Rao San Ling are
fundamentally a synthesis of the environment, biology, and human culture across these three stages in the
Erhai Basin. It is the manifestation of Holdiversity’s spatial evolutionary process over millennia.

3.3. Case 2: Co-Management of Yunnan Snub-Nosed Monkey Habitats and Local Production Modes

The conservation management of the Yunnan snub-nosed monkey over the past 50 years provides
another scenario for applying the Holdiversity framework. The Yunnan snub-nosed monkey is the highest-
altitude dwelling primate globally, distributed exclusively in the Yunling range of the Hengduan Mountains.
Grazing is a critical livelihood for local residents. Prior to the 1980s, high-altitude dark coniferous forests—
the monkeys’ habitat—were removed via logging and burning to expand pastures [34]. To protect the
monkeys, management authorities implemented strict logging and fire bans, and the monkey habitats began
a comprehensive recovery at the turn of this century. However, this led to new challenges. Pastures below
the tree line began reverting to shrublands and forests. The reduction in pasture area continuously increased
the livestock carrying capacity per unit area until overgrazing occurred. Overgrazed pastures experienced
desertification and erosion, culminating in disasters such as landslides, floods, and mudslides. This not only
affected local community livelihoods but also altered the watershed topography in high-altitude areas.
Unquestionably, the localized processes in these high-alpine ecosystems cascade downstream through the
watershed, impacting overall basin development and management. Prior to this protection-centric phase,
human production modes continuously impacted biological habitats; subsequently, management favoring
biodiversity maintenance altered human production modes, creating a continuous feedback loop within the
biological and environmental systems over the past half-century. It is conceivable that over a 100- or 1000-
year timeframe, this process will grow even more complex, presenting immense challenges for single-target
sustainability planning. Within the Holdiversity framework, advancing research that systematically tracks
and analyzes the coupled interactions and co-evolutionary dynamics among environmental, biological, and
human systems, while moving beyond the traditional zero-sum paradigm of human—nature competition,
will be pivotal to identifying a development pathway that is aligned with global trajectories and capable of
addressing future grand challenges.

3.4. Establishing Holdiversity as a Scenario-Applied Discipline in Watershed Ecology

Conducting research under the Holdiversity framework—tracking and analyzing the coupled
interactions and co-evolution of environment, biology, and humans—may be the key to solving this issue
in the future. Using the “environment-biology-human” triad framework, Holdiversity can reconstruct
watershed analysis units and systematically align human social elements (e.g., irrigation rules, water
conservancy structures, land tenure arrangements) with biodiversity and environmental diversity.
Characterizing the transfer of mass, energy, and information flows across systems—such as water flow,
biological migration, technological diffusion, and institutional learning—as unified “Holdiversity flows”
will support the holistic upgrading of watershed ecology, establishing it as a scenario-applied discipline in
ecology [27]. Accordingly, the watershed serves not only as an organizational unit of hydrological
processes, but also as a foundational analytical unit for understanding regional sustainability; a comparative
examination of Holdiversity relationships both within and across watersheds provides a critical pathway
for elucidating the coupling mechanisms linking human, biological, and environmental systems.

4. Application and Future Prospects of the Holdiversity Framework

Although the watershed has been proposed as a practical operational unit, Holdiversity is still an
emerging conceptual framework. Several issues remain before it can genuinely serve sustainable
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development strategic decision-making. We believe the key agenda items to be addressed include the
following three aspects:

(1) Clarify the Spatiotemporal Scales and Boundaries of Sustainable Development

The ecological perspective offers new avenues for sustainable development. Although the definition
of ecology has expanded from “the relationship between organisms and their environment” to encompass
various subjects such as populations, communities, ecosystems, landscapes, and even global changes, its
core remains understanding the relationship between organisms and their environment within specific
spatiotemporal scales. In other words, the evolution of various definitions in ecology essentially reflects
the continuous expansion of spatiotemporal scales. Holdiversity requires assigning explicit spatiotemporal
scales to research subjects. The five-millennium continuity of Chinese civilization provides unparalleled
temporal-scale experience for human sustainability thought. Temporally, sustainability goal-setting should
adopt a long-term perspective. Prof. Jianguo Wu suggested one century as appropriate [35]; Yong Shao
proposed 300 years as an “epoch” (Shi), aligning with the longest dynastic succession cycles [36]. Spatially,
for instance, the Yellow and Yangtze River basins nurtured Chinese civilization. The distribution patterns of
different hierarchical watersheds shaped the prominent characteristic of “macro-dispersion and micro-
concentration” of the Chinese nation, which is also the source of the unity and diversity of Chinese civilization.

(2) Deepen from Conceptual Framework to Dynamic Mechanisms to Enhance System Prediction

Currently, Holdiversity has successfully broadened the research scope of multidimensional element
coupling and equilibrium. Its core contribution lies in providing a novel methodology for organizing
questions and analyzing phenomena. Moving forward, research must transcend static conceptual
descriptions and delve into how human, biological, and environmental diversities interact at high
frequencies via mass, energy, and information flows. Future focus should shift to characterizing the non-
linear feedback networks among these multidimensional elements, identifying critical thresholds and
conditions that trigger state transitions. By incorporating complex systems modeling and system dynamics
analysis, the Holdiversity framework will evolve beyond merely explaining the past to possessing the robust
capacity to quantitatively simulate and predict future system dynamics [37]. In terms of methodology,
system dynamics, agent-based models, and coupled socio-ecological system models can be used to
transform conceptual frameworks into testable scenario simulations, and to compare the synergistic benefits
and trade-off costs under different governance pathways [12,15,16,37]. It should be emphasized that
Holdiversity is not a completed quantitative model, but a conceptual framework for organizing future
research questions, indicator systems, and cross-scale comparisons. Precisely because there are currently
no unified indicators or common endpoints, this framework is needed to promote collaborative development
among different disciplines, focusing on diversity states, coupling processes, and governance feedback.

(3) Consolidate Quantitative Empirical Foundations, Cross Disciplinary Boundaries, and Build an
Integrated Multidisciplinary System

Current discussions on Holdiversity remain largely at the level of qualitative descriptions and historical
case analyses, lacking large-scale, long-term modern field control experiments and quantitative data
validation. Synchronously acquiring high-precision natural environmental evolution parameters, long-term
biological community dynamics, and high-spatiotemporal-resolution socioeconomic activity data presents
immense technical and cost challenges for future Holdiversity monitoring systems. Fortunately, the rapid
development of Big Data and Artificial Intelligence is poised to resolve these difficulties. Simultaneously,
Holdiversity science inherently demands deep integration across history, anthropology, sociology,
economics, ecology, and environmental science. However, different disciplines vary vastly in conceptual
usage, data types, and evaluation standards. Breaking down disciplinary silos in the future will require
establishing standardized, comprehensive systems for monitoring, analysis, and evaluation. Therefore,
future research needs to establish long-term, cross-scale, and replicable monitoring systems. These systems
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should integrate continuous observation and adaptive monitoring with the problem-oriented approach of
sustainability science, preventing concepts from remaining confined to case-specific interpretations [25,26].

It has been over 40 years since SENCE was proposed. Over these four decades, that theoretical
framework has progressively evolved from early conceptual construction to an analytical framework
encompassing structural elucidation, process coupling, and comprehensive regulation, though limitations
remain regarding cross-scale representation, quantitative simulation, and integrated governance [7,38].
Given time, Holdiversity can also be iteratively refined to robustly support the integrated development of
ecology and sustainability science.

5. Conclusions

This paper proposes the concept of “Holdiversity”, attempting to re-understand the relationship
between humans and nature from the perspective of the mutual coupling of human diversity, biodiversity,
and environmental diversity. Compared with existing sustainable development frameworks, this framework
comprehensively considers the formation history and development goals of these three elements,
constructing a relatively balanced framework in terms of weights. It recognizes the coupled evolutionary
mechanisms of the human, biological, and abiotic environments from a consistent perspective, and
establishes values for sustainable development under appropriate spatiotemporal scales.

This paper further argues that watersheds, due to their clear natural boundaries, continuous spatial
scales, distinct ecological processes, and complete picture of human—biological-environmental diversity,
serve as suitable units for monitoring, researching, and understanding the evolution of Holdiversity. Taking
watersheds as the entry point helps translate the abstract conceptual framework into analyzable and
comparable Holdiversity issues.

This framework aligns with the systemic demands of the United Nations Sustainable Development
Goals (SDGs), enabling the coordinated integration of social objectives such as poverty reduction and
cultural preservation, ecological objectives such as habitat protection, and environmental objectives such
as climate action. Under the framework of “Holdiversity”, we can truly realize the ideal vision depicted in
The Doctrine of the Mean ( € *F J&) ): “All things grow together without harming each other; different paths
proceed in parallel without conflicting” (77 #13t & fa 48 F, i JH4T W I~481%) [39]. This provides solid
interdisciplinary theoretical support for building a “Community with a Shared Future for Mankind”
characterized by harmonious coexistence between humans and nature.
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