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Multiscale Impacts of Extreme Climate and Ocean

Dynamic Processes on Plankton in the South China Sea

;TR
CHp R} 27 B B W EATE 90 P ljx21jx @scesio.ac.cn)

Abstract: Climate change and extreme climate events profoundly reshape ocean
circulation and marine planktonic ecosystems, yet their multiscale mechanisms
remain poorly understood. During the 2015/16 El Nifio event, the Kuroshio intrusion
into the South China Sea (SCS) intensified significantly, providing a natural
experiment to explore how large-scale climatic anomalies modulate ocean dynamics
and plankton communities. In situ observations and remote-sensing analyses revealed
that the strengthened Kuroshio current advected massive diazotrophic cyanobacteria
(Trichodesmium erythraeum) from the open ocean into nearshore regions, where they
became dominant and disrupted the native phytoplankton community structure
through lateral advection and altered stratification and nutrient dynamics. The
intensified Kuroshio intrusion, together with its interaction with coastal upwelling,
further enhanced nitrogen fixation by supplying phosphorus-rich waters into the
euphotic zone, while Kuroshio-induced mesoscale eddies regulated nutrient transport
and microbial diversity. Meanwhile, copepod communities exhibited distinct
responses to different current systems: intensified Kuroshio intrusion increased
species diversity but reduced biomass, whereas coastal upwelling and the China
Coastal Current favored abundant, less diverse populations. On shorter timescales,
extreme weather events, such as cold waves, additionally impacted phytoplankton
communities, inducing miniaturization and reducing community stability in estuarine
regions. These findings highlight that extreme climate variability operates across
multiple timescales in the South China Sea: El Nifio - enhanced Kuroshio intrusion
drives large-scale advection, alters nutrient dynamics, and reshapes phyto- and
zooplankton communities, while short-term extreme weather events, such as cold
waves, further modify phytoplankton size structure and reduce community stability in
coastal and estuarine regions.
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A Framework for Prioritizing Migratory Marine Species
Conservation by Integrating Habitat Connectivity and

Anthropogenic Stressors

12,3

Guodong Li'*3, Wei Huang!->3*, Jiangning Zeng!->3"

1 Ocean College, Zhejiang University, Zhoushan 316021, China

2 Key Laboratory of Marine Ecosystem Dynamics, Second Institute of Oceanography,
Ministry of Natural Resources, Hangzhou 310012, China

3 Key Laboratory of Nearshore Engineering Environment and Ecological Security of
Zhejiang Province, Second Institute of Oceanography, Ministry of Natural Resources,
Hangzhou 310012, China

Abstract: Migratory marine species underpin ocean ecosystem function because their life cycles
depend on moving through networks of connected habitats. Yet conservation planning often relies
on static species distributions and annually averaged human-use data, obscuring the dynamic
nature of ecological processes and anthropogenic pressures. We present a generalizable framework
that integrates time-explicit assessments of habitat connectivity with spatiotemporal variation in
human stressors, shifting the emphasis from protecting static “distribution areas” to safeguarding
the flow of ecological processes. The six-step workflow (i) identifies focal species and life-history
timing, (ii) defines connectivity within and across migration time units, (iii) predicts
spatiotemporal biomass under data-limited conditions using machine learning, (iv) converts
habitat suitability to migration resistance and estimates connectivity based on circuit theory, (v)
models fishing, shipping, and other pressures with a Bayesian spatiotemporal approach, and (vi)
overlays connectivity and pressure to quantify connectivity-loss risk and diagnose conservation
gaps. We applied the framework to the small yellow croaker (Larimichthys polyactis) in the
Southern Yellow Sea and East China Sea. Machine-learning models accurately predicted seasonal
biomass, revealing a nearshore-to-offshore shift from spring to autumn—winter. Connectivity was
highest in the Yangtze River Estuary in spring, extended offshore in summer, and concentrated
around the Zhoushan and Dasha fishing grounds in autumn—winter. Fishing pressure was
consistently elevated nearshore and increased in the Southern Yellow Sea. Risk mapping
highlighted the Yangtze River Estuary—Zhoushan region and the Southern Yellow Sea as
connectivity hotspots facing high functional loss that remain insufficiently covered by existing
protected areas. Our results support dynamic, seasonally explicit management such as movable
closures, corridor protection, and adaptive effort allocation, focused on high-risk connectivity
areas. The framework is transferable to other migratory taxa and scalable to data-limited contexts.
Future extensions should incorporate cumulative stressors and climate change to enhance

robustness and guide resilient, process-based marine protected-area networks at multiple scales.

Keywords: Marine protected areas; fishing intensity; Larimichthys polyactis; climate change; East
China Sea
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