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Figure 1 The history and milestones of marine science. Some elements in the figure are adapted from online resources and have been modified
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Figure 2 Observations lead to leaps in marine scientific understanding. Some elements in the figure are adapted from online resources and have been

modified
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This paper examines the co-evolution of human civilization and the ocean, and argues that the advancement of marine science has been
both a prerequisite for and a consequence of humanity’s expanding interaction with the ocean. It synthesizes historical trajectories,
scientific breakthroughs, and contemporary challenges to position marine science as a central pillar in addressing global sustainability
and governance.

From a historical perspective, human understanding of the ocean has evolved from fragmented, experience-based observations to a
systematic, multi-dimensional scientific framework. Early knowledge, constrained by limited observational capacity, was largely
localized and descriptive. The expansion of navigation and exploration during the Age of Discovery enabled the accumulation of global-
scale observations, fostering foundational insights into ocean circulation, tides, and biogeochemical properties. The establishment of
modern marine science in the late nineteenth century, marked by large-scale expeditions and interdisciplinary integration, transformed the
ocean from a navigational medium into a primary object of scientific inquiry. Subsequent technological advances, including satellite
remote sensing, autonomous observing systems, and deep-sea exploration, have enabled the transition from two-dimensional and quasi-
static representations toward a four-dimensional understanding of ocean variability across space and time.

The paper further emphasizes that marine science has fundamentally reshaped humanity’s capacity to utilize and manage ocean
resources. Historically, ocean exploitation progressed from basic fisheries and maritime transport to technologically sophisticated sectors
such as offshore energy, aquaculture, and deep-sea resource exploration. Scientific advancements have significantly improved the
efficiency, scale, and safety of these activities. At the same time, insufficient understanding of ocean processes has led to severe
environmental and engineering disasters, underscoring the necessity of science-based governance. In the contemporary context, marine
science supports the development of sustainable “blue economies”, encompassing food security, renewable energy, and emerging
biotechnologies, while also enabling the quantification and management of ecosystem services such as carbon sequestration.

As a crucial driver of civilizational advancement, modern marine science has fundamentally answered core scientific inquiries
regarding Earth’s habitability and the evolution of life. Theoretical breakthroughs, such as plate tectonics and the discovery of
chemosynthetic ecosystems at deep-sea hydrothermal vents, have completely reshaped scientific understanding of biological origins,
global climate mechanisms, and the Earth’s internal dynamics. Furthermore, marine science has significantly enhanced humanity’s
resilience against natural catastrophes through the development of sophisticated early warning systems for tsunamis, El Nifio-Southern
Oscillation events, and ecological disasters like harmful algal blooms and hypoxia. Beyond disaster mitigation, the discipline underpins
the sustainable exploitation of marine resources. It drives the “blue agricultural revolution” to ensure global food security, facilitates the
precise and safe extraction of deep-water hydrocarbons and critical deep-sea minerals, and pioneers the utilization of renewable marine
energy and “blue carbon” sinks. These innovations offer vital technological pathways to combat terrestrial resource depletion and global
climate change.

Despite these advancements, the prolonged and intensifying scale of anthropogenic activities since the Industrial Revolution has
precipitated severe marine environmental crises, including ocean warming, acidification, and severe pollution. Historically, mastery over
the ocean and advancements in marine science and technology have dictated the rise and fall of global superpowers, often leading to
hegemonic geopolitical competition. However, in the contemporary era, the paradigm of maritime strategy must transition from
unchecked extraction and zero-sum rivalry to sustainable stewardship and cooperative governance.

In the new era, marine science should establish a new paradigm rooted in marine system science, providing profound insights into the
ocean’s pivotal role in Earth’s habitability. It should serve as a cornerstone for building a strong maritime nation, fortifying strategic
barriers for territorial, resource, and environmental security. Furthermore, marine science should act as a guiding beacon for sustainable
development, fostering global governance and enhancing the well-being of all humanity.

marine science, human civilization, strong maritime nation, understanding the ocean, managing the ocean,
sustainable development
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