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Ecology aims to understand the complexity of how organisms interact among themselves and with 
their environment within a given-boundary ecosystem, from the microcosm to the Earth. This complexity 
emerges as scaling along spatial heterogeneity and temporal dynamics within an ecosystem and among 
ecosystems [1]. The function of an ecosystem depends on this complexity, which varies dramatically with 
the size of the system and changing environmental conditions [2]. For example, a population can display 
exponential growth in a microcosm but rarely persists at larger scales due to the influence of ecological 
processes at multiple scales [3]. As such, ecology has evolved into a transdisciplinary science to generate 
a better knowledge of processes and functions for ecosystem management and restoration. 

Watershed is considered, in the analogy to cells in life systems, the basic unit of structure and function 
in Earth’s ecosystems. The “cell” is characterized as a complex system that holds surface precipitation 
within a hydrological boundary, integrating a series of processes and functions within the hierarchical 
structure of typology between terrestrial and aquatic ecosystems [4–6]. It is structured by drainage networks 
with landscape dynamics to transfer water, sediments, and nutrients from terrestrial ecosystems to 
freshwater and marine ecosystems [7,8]. The drainage network is dammed worldwide with the regulation 
of water flows to achieve economic and social needs, as this regulation can prevent floods and droughts, 
supply water for domestic utilization, agricultural irrigation, and industrial production, generate 
hydropower energy as well as enable inland navigation [9,10]. As the complex system in which humans 
expect to live in harmony with water, the watershed serves as a living laboratory for ecology, ecosystem 
management, and restoration. 

Sustainability is a long-term vision of economic and social development for the watershed ecosystem, 
as it can provide diverse services and values for human well-being. The typology of watershed ecosystems 
encompasses the ways humans conceive of and interact with nature [11], and it can help ecologists develop 
a sustainability knowledge system to better understand relationships among people, ecosystems, and nature. 
This knowledge system helps policymakers strengthen inclusive governance of watersheds for sustainable 
development goals through legalization, institutionalization, differentiation, and dynamization [12,13]. 
Such inclusive governance can address the major challenges of sustainable development (i.e., biodiversity 
loss, climate change and environmental pollution) by enhancing the co-benefit contribution of watershed 
ecosystems to a good life for all people within the same boundary [11,14]. The co-benefit contribution of 
nature to people should be measured quantitatively and described qualitatively in watershed-scale 
modelling of sustainability with biophysical, monetary, and socio-cultural terms [14,15]. Thus, ecology 
should generate an integrated knowledge system for watershed sustainability by integrating inclusive 
governance and co-benefit contributions. 
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Biodiversity is an integral component of multiple ecosystem services within a watershed to support the 
sustainability of human health and well-being. Biodiversity loss results from the increase in human demand 
for provisioning services and leads to the decrease in regulating services [16]. A holistic understanding of 
biodiversity across spatial scales is fundamental to addressing the co-benefits and trade-offs among multiple 
ecosystem services [16,17]. Measuring resilience is vital for characterizing changes in multiple ecosystem 
services by investigating the resistance of biodiversity to perturbations, recovery times, and return rates 
[17,18]. Watershed matures mostly as a spatial scale of ecological management to operate the policy 
instrument of paying for ecosystem services [19,20]. Strategies for biodiversity conservation must be 
informed with the application of watershed model that can visualize the big data on what is threatening 
biodiversity, where risks occur, as well as how fast threats change [21]. Obviously, a watershed offers a 
natural boundary within which ecology can better understand the complex relationships among biodiversity, 
stressors, and ecosystem services across temporal and spatial scales. 

Complexity is a fundamental property of natural, social, and economic systems, as their constituents 
engage in heterogeneous interactions within high-dimensional nonlinear patterns and dynamics. The 
complexity of natural systems requires the ecological study to scale from microscopic patterns and 
dynamics to macroscopic ones [22,23]. The metabolic theory of ecology provides a predictive model 
between species diversity and environmental temperature, and it emphasizes that metabolic rate controls 
all ecological processes with fractal scaling from individuals and ecosystems [24,25]. Fractal scaling law 
occurs in chemical pollutants within a watershed at temporal fluctuations from hours to decades, and it 
implies the time that pollutants take to travel from rainfall to stream [26]. The drainage area of watershed 
scales fractally with channel length in tributary networks, and this scaling relationship is called Hack’s law 
[8]. In social systems that interact closely with natural systems in a watershed, this scaling law can reveal 
the temporal and spatial spectrum of human mobility on the basis of large-scale data [27]. Watershed 
couples a series of natural, social, and economic systems across fractal dimensions, offering ecology the 
potential to study complexity within and among ecosystems. 

In short, watershed ecology is the ecology of watersheds on sustainability, the ecology of watersheds 
on biodiversity, and the ecology in watersheds on complexity. Watersheds vary widely in size, from less 
than a square kilometer to more than a million square kilometers, and are a critical variant of the fractal 
scaling law for ecosystems that determines the complexity of how biodiversity can work for sustainability. 
As a transdisciplinary science, watershed ecology aims to study the complexity of sustainability and 
biodiversity across varying watersheds and to provide a scientific basis for harmonious coexistence between 
humans and nature at a specific scale. 
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