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Fig.2 Global distribution patterns of marine organisms (cited from CoML Program Summary Report)
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FROM LAGGED FORENSICS TO REAL-TIME DIGNOSIS: ANEW PARADIGM OF
INTEGRATED BIOLOGICAL OBSERVATION FOR MARINE HEALTH ASSESSMENT

SUN Song"%?,  SUN Xiao-Xia" >3, ZANG Wen-Xiao', JIN Xin!, ZHANG Fang'**,
WANG Nan'"?,  SHA Zhong-Li**

(1. Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071,
China; 2. Jiaozhou Bay Marine Ecosystem Research Station, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071,
China; 3. University of Chinese Academy of Sciences, Beijing 100049, China; 4. Laboratory of Marine Organism Taxonomy and
Phylogeny, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract Health assessments of marine ecosystems rely heavily on the real-time diagnosis of biological status and
functions. However, the “cognitive lag” of traditional biological observation (i.e., the long period from sample collection
to species identification and data output, which makes it difficult to reflect rapid changes in the ecosystem promptly) has
become the core bottleneck for the operational application of health assessment. This article systematically analyzes the
historical roots and contemporary predicaments of this bottleneck, pointing out that it stems from “technological path
dependence”, “verification logic paradox”, and “observation network absence”. To break through this predicament, this
article proposes a new biological observation paradigm that will enable the shift from “lagging evidence collection to real-
time diagnosis”. This paradigm includes three core dimensions: at the cognitive level, it will survey the “complete species
set”, track the “functional fingerprints”, and identify key ecological function signals; at the technical level, it will
construct a “real-time perception-quality control verification” collaborative technical system, integrate cutting-edge
measures such as environmental DNA, in situ imaging, and intelligent acoustics, and innovatively iterate the verification
mode; at the network level, through the development of modular intelligent biological sensing modules, it will embed
biological sensing capabilities in the global observation network in an “plug-and-play” manner, achieving automated and
continuous perception of biological signals. This paradigm shift aims to upgrade biological observations to a forward-
looking information infrastructure that supports real-time health diagnoses and early warnings regarding marine
ecosystems.

Key words marine ecosystem health; integrated biological observation; real-time diagnosis;  functional

fingerprint; eDNA; observation paradigm



